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This thesis examined the ability of older adults to recognise foreign-accented speech; 
determining whether this can be enhanced by short-term perceptual training with 
written/orthographic feedback and using younger adults as a control group. Four experiments 
were conducted: The first experiment (Chapter 2) examined whether older adults have greater 
difficulty recognizing foreign-accented speech than younger adults. The results showed that 
although older adults overall had worse speech recognition in noise performance than 
younger adults, they did not have greater difficulty recognizing foreign-accented speech than 
younger adults. The second experiment (Chapter 3) investigated whether the short-term 
training with written feedback can help reduce the difficulty that older adults face in 
recognizing foreign-accented speech relative to younger adults; and whether the effects of 
such a training can generalize to novel talkers with the same foreign accent. The results 
showed that older adults were able to learn about foreign-accented speech characteristics to 
improve recognition, and they gained a larger benefit than younger adults. Both younger and 
older adults were also able to generalize learning to a novel talker. The third study (Chapter 
4) investigated the long-term effects of the short-term training with feedback on older adults’ 
recognition of foreign-accented speech. Results showed that older adults were able to 
maintain perceptual learning four months after training. The final experiment (Chapter 5) 
examined whether the short-term training with feedback can improve older adults’ 
recognition of foreign-accented speech in noise. The results showed that older adults were 
able to improve recognition of foreign-accented speech in noise when training occurred in 
noise but not when given in quiet. Together, the results from this thesis demonstrated that 
short-term training with orthographic feedback enables effective and robust perceptual 
learning that enhances foreign-accented speech recognition, and so provides a useful method 
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Chapter 1. General Introduction 
1.1 Motivation 
Effective speech communication in old age is important for health and wellbeing as it 
promotes quality of life by helping to develop and maintain relationships, enabling active and 
meaningful participation in social activities, as well as reducing risk of mental illnesses 
(Cherry et al., 2011; Gilmour, 2012; Palmer et al., 2016; Hajek et al., 2017). However, in old 
age (above 65 years), people’s ability to efficiently perceive speech deteriorates as they face a 
mix of sensory, perceptual, and cognitive challenges. For example, sensorineural hearing loss 
disrupts an individual's ability to filter and segregate target speech in the presence of 
background noise (Dai et al., 2018). An increased susceptibility to distraction in older adults 
makes distinguishing relevant task features from irrelevant ones more challenging (Hasher & 
Zacks, 1988). In addition to the endogenous factors that can negatively affect speech 
communication, there are many exogenous ones that can make understanding speech a 
challenging process. A central issue in this thesis concerns how well older adults can 
understand foreign-accented speech, and whether/how this ability can be improved.  
Research has shown that although older adults generally have more difficulty 
recognizing foreign-accented speech than younger adults, they can improve on their 
recognition of foreign-accented speech after short-term exposure to it; an improvement 
attributed to perceptual learning (Gordon-Salant et al., 2010a). However, despite this 
improvement, older adults continue to face more difficulty recognizing foreign-accented 
speech than younger ones partly due to their relatively low baseline performance in 
perceiving speech in general. Given the above, an interest that motivated the research in this 
thesis was to test the efficacy of a potentially more robust perceptual learning paradigm for 
older adults; that is, a short-term perceptual training on foreign-accented speech that consists 
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of exposure along with a written transcript of what has been said (henceforth 
‘written/orthographic feedback’).  
A detailed evaluation of the effectiveness of short-term perceptual training on foreign-
accented speech recognition in older adults has both theoretical and practical implications. In 
terms of theory, given older adults experience of age-related decline in cognitive abilities, an 
investigation on their ability to improve recognition of foreign-accented speech through 
perceptual training would help increase understanding of the mechanisms that support 
perceptual learning. At a practical level, the confirmation that a short-term training method 
can assist in the recognition of foreign-accented speech would provide the basis for effective 
communication training with older adults in settings where foreign-accented speech is 
common. This would be particularly useful for countries like Australia, where the proportion 
of older people in the population is increasing, and there is a sizeable immigrant population 
who are non-native speakers of English, (Australian Bureau of Statistics, 2016) who have a 
high representation in the aged-care workforce (HelloCare, 2020). 
To examine the effects of short-term perceptual training with written feedback on 
recognition of foreign-accented speech by older adults, the current thesis focused on four 
main research questions: whether older adults have greater difficulty recognizing foreign-
accented speech than younger adults; whether the effects of such short-term training would 
help reduce the difficulty that older adults face in recognizing foreign-accented speech 
relative to younger adults; and also whether it generalizes to novel talkers; whether this short-
term training with feedback would lead to long-term effects on older adults’ recognition of 
foreign-accented speech; and whether the effects of the short-term training would improve 
older adults recognition of foreign-accented speech in noise. 
In order to place the above research questions in the context of previous theories and 
research, the next section briefly unpacks why older adults might have more difficulty 
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perceiving speech in general than younger ones. This is then followed by a brief description 
of the properties of foreign-accented speech. Then a description of the processes involved in 
perceptual learning is provided, followed by a review of relevant perceptual learning studies 
in older and younger adults. This review is then followed by an outline of the experiments 
included in this thesis.  
 
1.2 Why might older adults have more difficulty perceiving speech in general than 
younger ones? 
The focus in this thesis is on practical implications for older adults, and for this reason an in-
depth comparison of different basic theoretical models of speech perception was not 
undertaken as this goes beyond the scope of the thesis. However, the important thing to note 
here is that research clearly demonstrates that older adults have more difficulty perceiving 
speech (demonstrated by poorer speech recognition performance) than younger ones, 
particularly in adverse listening conditions (for a review see CHABA, 1988). For example, 
this greater difficulty has been demonstrated for speech presented in background noise 
(Gordon-Salant, 1986; CHABA, 1988; Pichora-Fuller et al., 1995; Tun, 1998; Burda et al., 
2003). Older adults’ greater difficulty (relative to younger ones) has also been demonstrated 
for time-compressed speech (i.e., fast speech, Gordon-Salant & Fitzgibbons, 1993; Sommers, 
1997; Tun, 1998; Janse 2009), synthetic speech (Smither, 1992), noise-vocoded speech 
(Sheldon et al., 2008), and foreign-accented speech (Mahendra et al., 1999; Gordon-Salant et 
al., 2010a, 2010b).  
It has been proposed that the problems that older adults have in speech recognition 
(relative to younger ones) are due to changes in sensation, perception, and cognition that are 
associated with ageing (Pichora-Fuller, 2003; Cristia et al., 2012). As mentioned above, older 
adults’ speech perception difficulties are expected to be exacerbated due to sensorineural 
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hearing loss from age-related changes in the peripheral auditory system which limits the 
audibility of the speech signal, especially at higher frequencies (Gordon-Salant & 
Fitzgibbons, 2001). Such an age-related change should also disrupt an individual's ability to 
filter and segregate target speech in the presence of background noise (Dai et al., 2018). 
Further, hearing loss has also been shown to have an effect on brain processes that support 
speech comprehension (Peelle et al., 2011).  
In addition to sensorineural hearing loss, older adults also exhibit decline in temporal 
auditory processing (Fitzgibbons & Gordon-Salant, 1998; Grose et al., 2006). This poorer 
ability to effectively process rapidly changing stimuli could lead to difficulty perceiving those 
aspects of speech that change within a short period. A reduction in processing speed would 
also have an especially pronounced effect on speech perception (Salthouse et al., 1999). 
Given that spoken language is continuous and fleeting in nature, it means that the listener is 
required to detect, discriminate, recognize and comprehend the acoustic speech signal all 
while new information continues to arrive. When the sensory input is rapid, and the 
processing speed is slow, older adults have to make extra effort to perceive speech. 
Moreover, the slowing of processing speed when coupled along with sensorineural hearing 
loss in older adults makes speech processing even more effortful, especially when the speech 
signal is distorted such as the presence of background noise or a foreign-accent. 
Additionally, older adults’ speech perception difficulties would likely be exacerbated 
due to age-related declines in cognitive function (e.g., working memory, long-term memory, 
processing speed, cognitive flexibility, as well as attention and inhibition) which are 
necessary for efficient speech perception (Salthouse et al., 1999; Park & Reuter-Lorenz, 
2009). Indeed, a literature review by Akeroyd (2008) suggests that speech perception relies 
heavily on working memory, a system which is responsible for both the processing and the 
temporary storage of acoustic speech signals (Baddley & Hitch, 1974; Daneman & Carpenter, 
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1980). Consequently, this would increase older adults listening effort; thereby, making 
speech perception more challenging for them (see the Ease of Language Understanding 
(ELU) model, Rӧnnberg et al., 2008; see also Peelle, 2018).   
Ageing is also associated with an increased susceptibility to distraction. This is 
theorized to occur due to a change in attentional abilities (Welford, 1958); or a reduction in 
the ability to inhibit irrelevant stimuli in the environment (Kausler, 1982; Hasher & Zacks, 
1988); and/or difficulty discriminating relevant from irrelevant information (Plude & Hoyer, 
1985). The ability to pay attention to relevant information, or inhibit irrelevant information, 
has several implications for speech perception. These involve attending to the target speaker 
while ignoring the competing speakers or background noise; redirecting attention to a new 
speaker or multiple speakers; and attending to informative features in speech while at the 
same time discarding irrelevant features, such as variations across speakers that arise from 
differences in age, sex, and accents.  
Given the importance of being able to pay attention, reduced attentional abilities 
(and/or increased susceptibility to distraction) in older adults is likely to make speech 
perception more challenging for them. According to the Framework for Understanding 
Effortful Listening (FUEL; Pichora-Fuller et al., 2016), for listeners who have a limited 
capacity of attentional resources, the decision to allocate such limited resources depends on 
the task difficulty and the motivation of the listener. When the listening task becomes more 
difficult (due to factors such as age-related hearing loss), the need for attentional resources 
also increases. This would then subsequently increase listening effort and could also 
potentially reduce the older listener’s motivation in allocating their limited attentional 
resources to recognize speech in difficult listening conditions, such as the presence of a 




1.3 Foreign-accented speech  
As mentioned earlier, the focus of this thesis is on foreign-accented speech which is a typical 
and naturally occurring form of speech distortion. In general, the sounds of foreign accented 
speech deviate beyond the variation typically found in native speech at segmental (e.g., 
vowels and consonants) and suprasegmental (e.g., pitch, rhythm, and duration) levels (Flege, 
1984; Gut, 2012). This deviation is suggested to occur due to the influence of the speaker’s 
first language on their second (non-native) one. More specifically, a foreign accent has been 
proposed to arise as a result of the speaker using the rules and speech sound patterns of their 
first language when conversing in their second language (Flege, 1988; Pierrehumbert, 2003).  
 It is well known that in general, understanding foreign-accented speech is more 
challenging than native speech (Munro & Derwing, 1995; Van Wijngaarden, 2001; Goslin et 
al., 2012) and it requires more cognitive effort (Van Engen & Peelle, 2014). Given the above 
mentioned age-related changes in sensation, perception, and cognition, it is no surprise that 
older adults often report more difficulty in understanding foreign-accented speech relative to 
younger ones (Shah et al., 2005; Gordon-Salant et al., 2010a, 2010b). Interestingly, Gordon-
Salant et al. (2010b) showed that older adults not only have more difficulty recognizing 
foreign-accented speech than younger adults but that this difficulty occurs irrespective of 
hearing status. These results suggest that older adults’ difficulty in understanding foreign-
accented speech might not simply be related to age-related hearing loss but that it may also 
arise from age-related changes in cognition. For example, as mentioned above, working 
memory, the temporary storage of acoustic speech signals (Baddley & Hitch, 1974; Daneman 
& Carpenter, 1980) would be critical for efficiently perceiving foreign-accented speech as it 
helps the listener to maintain the encoding of the acoustic speech signal whilst utilizing 
context and background information to facilitate speech understanding. Therefore, age-
related decline in working memory would mean that for older adults their ability to recognize 
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foreign-accented speech is compromised. Note that the first experiment in this thesis (Chapter 
2) specifically followed up these studies to examine the difficulty that older adults have in 
recognizing foreign-accented speech than younger adults.  
Despite the difficulty in understanding foreign-accented speech, a growing body of 
research (e.g., Clarke & Garrett, 2004; Bradlow & Bent, 2008; Gordon-Salant et al., 2010a) 
have shed light on how listeners, including older adults, can get better at recognizing foreign-
accented speech (as well as other forms of distorted speech) through a process that has been 
described as perceptual learning.  
 
1.4 Perceptual learning 
Perceptual learning involves an experience-dependent change in the individual’s perceptual 
system that improves their ability to perceive stimulus from the environment (Gibson, 1969; 
Goldstone, 1998). The term “perceptual learning” has been used in many ways. For some, it 
is mainly associated with the extended long-term development of perceptual expertise 
exemplified by expert radiologists when interpreting x-rays; or sommeliers when tasting 
wine, or an expert musician’s ability to distinguish between different musical tones (Seitz, 
2017). For others, it can also refer to the perceptual adjustments made when tailoring a skill 
to an environment (e.g., Norris et al., 2003).  In the context of speech perception, evidence of 
perceptual learning in listeners is generally demonstrated by improvements in speech 
recognition, faster reaction time, and even reduced effort. 
Gibson (1969) suggested that perceptual learning can occur as a result of implicit 
exposure to stimuli or due to explicit practice in categorizing or identifying stimuli, that is, 
perceptual training (see also Nygaard & Pisoni, 1998). Further, there are situations where 
rapid perceptual learning occurs, and this is sometimes referred to as adaptation (e.g., Davis 
et al., 2005; Peelle & Wingfield, 2005; Xie et al, 2018). In this regard, the interest of this 
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thesis is in short-term learning by people who are experts in the relevant perceptual domain 
(i.e., native listeners). That is, since adults are experts at speech recognition, recognizing 
speech produced with a foreign accent requires adapting an existing expertise rather than 
developing a new one. 
The Reverse Hierarchy Theory (RHT) provides a conceptual framework for how 
perceptual learning in speech might occur (Ahissar & Hochstein, 2004; Ahissar et al., 2009). 
This theory proposes that perceptual learning is guided by a top-down process. That is, with 
experience top-down information guides how the mapping of variable acoustic signal to 
linguistic representations can be re-adjusted. For example, when a listener is initially exposed 
to speech which is distorted, she/he has difficulty perceiving it as the speech input does not 
match higher level linguistic representations in memory (such as words). However, 
experience with these various speech conditions modify the higher-level representations. 
Essentially, for perceptual learning to occur, listeners need to detect structural regularities 
(Cohen et al., 2013) and stimulus consistencies (Nahum et al., 2010) in the speech input; and 
with experience, the weight of features that are relevant to the task are increased and the 
weight of those that are irrelevant are reduced. Subsequently, the top-down information 
guides how the mapping of the variable acoustic signal to linguistic representations can be re-
adjusted. When the mapping between variable acoustic signal to linguistic representations 
have been re-adjusted, the listener can rely on these to guide the subsequent processing of 
various speech conditions.    
From the listeners’ perspective, when listeners initially encounter, for example, 
foreign-accented speech, they recognize it more slowly, less accurately and with more effort 
relative to unaccented native speech (Clarke & Garrett, 2004; Bradlow & Bent, 2008). 
However, with experience recognition becomes easier as listeners learn to detect the 
structural regularities and consistencies of the speech input. They can then use this top-down 
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knowledge to re-adjust the way they map the variable acoustic signals to linguistic categories 
in response to any future encounters with speech from the same talker, and even other talkers 
that exhibit the same regularities (i.e., similar accents).  
The underlying cognitive processes (i.e., selective attention, processing speed, and 
working memory) that are necessary for efficient speech perception have also been proposed 
to be involved in perceptual learning (Goldstone, 1998). More specifically, selective attention 
may be involved in the process of distinguishing relevant features from irrelevant features in 
tasks of perceptual learning (Janse & Adank, 2012). Other cognitive processes such as 
processing speed is also likely to play an important role in perceptual learning (Salthouse et 
al., 1999). Higher efficiency in processing speed may reduce the time needed by the listener 
to retrieve high level representations and to initiate re-adjustments. It may also accelerate the 
process of distinguishing relevant features from irrelevant features in tasks, thereby gaining 
faster access to low level representations. Likewise, working memory, which is required to 
process and store speech information, may be involved in perceptual learning (Baddley & 
Hitch, 1974; Banai & Ahissar, 2009).  
Given the importance of the above-mentioned cognitive processes in perceptual 
learning, it seems plausible to assume that the changes in cognition that are associated with 
ageing would adversely affect the perceptual learning of foreign-accented speech. For 
instance, an increased susceptibility to distraction in older adults implies that they would have 
difficulty distinguishing relevant task features from irrelevant ones which is necessary for 
perceptual learning. A decline in processing speed ability may increase the time needed by 
the older listener to retrieve high level representations and to initiate re-adjustments. Poor 
working memory capacity is likely to limit older adults’ ability to hold information for later 
processing. If it is the case that older adults’ poorer cognitive skills constrain perceptual 
learning, questions arise as to the extent to which older adults (in comparison to younger 
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adults) can perceptually learn about foreign-accented speech; whether training based on 
perceptual learning can be effective in improving the recognition of foreign-accented speech; 
and how long the learning effect can be maintained. These questions motivated the studies 
reported in this thesis.  
 
1.5 Previous research on perceptual learning of distorted speech 
Research on perceptual learning of distorted speech is well documented in younger adults 
(e.g., Dupoux & Green, 1997; Weil, 2001; Norris et al., 2003; Clark & Garrett, 2004; Davis 
et al., 2005; Bradlow & Bent, 2008; Baese-Berk et al., 2013; Lehet et al., 2020). However, 
research with older adults is relatively limited. Studies with older adults have primarily 
examined perceptual learning for speech that has been artificially modified (e.g., Peelle & 
Wingfield, 2005; Golomb et al., 2007; Adank & Janse, 2010; Janse & Adank, 2012), with 
few studies that have explicitly examined foreign-accented speech per se (e.g., Gordon-Salant 
et al., 2010a; Bieber & Gordon-Salant, 2017).  
The general consensus among the studies mentioned above is that older adults can 
learn about distorted speech from simple short-term exposure to improve recognition. Despite 
this, (as mentioned at the beginning of this chapter) older adults continue to have more 
difficulty in recognizing distorted speech than younger ones. For example, studies show that 
older adults have a similar magnitude of improvement as younger adults after simple 
exposure to accented speech (Adank & Janse, 2010; Gordon-Salant et al., 2010a), but they do 
not reach the same level of speech recognition performance as accent exposed younger adults 
due to their lower baseline level of speech recognition. Here, it is worth noting that older 
adults’ perceptual learning from simple exposure may not be robust. This has been suggested 
by older adults’ inability to transfer learning to a different rate of time-compressed speech 
(Peelle & Wingfield, 2005), and their inability to continue learning with longer exposure 
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(Peelle & Wingfield, 2005; Adank & Janse, 2010) relative to younger adults. Given the 
above, the current research interest was in enhancing perceptual learning in older adults by 
utilizing a more robust learning paradigm (than only simple exposure). 
A summary of previous research on perceptual learning of distorted speech is 
presented in Tables 1.1 (younger adults) and 1.2 (older adults) in an alphabetical order. Note 
that this is a selective review that focusses on the research questions being investigated in this 
thesis. As can be seen, these tables address the key research questions, methodological details 
(i.e., participants, stimuli, and tasks), and findings from previous research. Given that the 
central research interest in this thesis is to seek an effective and robust perceptual learning 
method to facilitate older adults’ foreign-accented speech recognition, the studies presented 
in this review help highlight (1) the methods that have been previously employed to facilitate 
perceptual learning of distorted speech (i.e., perceptual learning task); (2) the effectiveness of 
these methods; and (3) how the effectiveness has been assessed (e.g., performance in post-test 
vs. pre-test). Further, given the lack of perceptual learning studies on foreign-accented 
speech, especially in older adults, the review addresses studies on other types of distorted 
speech (i.e., ambiguous speech sounds, synthetic, time-compressed, noise-vocoded, and 
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1.5.1 Training with feedback as a more robust perceptual learning paradigm than 
simple exposure 
As can be seen in Table 1.1, some studies have used linguistic/lexical feedback to facilitate 
perceptual learning (Norris et al., 2003; Davis et al., 2005; Cooper & Bradlow, 2016; Lehet et 
al., 2020). For example, Davis et al. (2005) showed that recognition of noise-vocoded speech 
was much better for younger adults who received short-term training with lexical feedback 
(presented immediately after a distorted auditory stimulus), either in the form of clear speech 
or a written version of the sentence (i.e., orthographic feedback), compared to younger adults 
who simply received exposure without feedback. Such a substantial improvement in younger 
adults’ speech recognition performance has also been demonstrated for synthetic speech 
when it was presented with orthographic feedback (Lehet et al., 2020), as well as for foreign-
accented speech when native speech was provided as feedback (Cooper & Bradlow, 2016). 
These results clearly indicate that short-term training with lexical feedback appears to provide 
more robust perceptual learning than simple short-term exposure.  
Training with lexical feedback is likely to be more robust than simple exposure 
because it helps the listener to explicitly, accurately, and quickly learn which linguistic 
categories an ambiguous sound maps onto (Norris et al., 2003; Colby et al., 2018). That is, 
once a listener has gained higher level lexical knowledge through feedback, they can then use 
this information instead of the ambiguous lower level acoustic information to re-adjust 
mappings between speech input and linguistic categories to facilitate subsequent speech 
perception. In this regard, the role of higher-level lexical knowledge gained through feedback 
fits wells with the RHT framework (described above) which proposes that perceptual learning 
is guided by the top-down processes (Ahissar & Hochstein, 2004; Ahissar et al., 2009). In 
contrast, a simple exposure paradigm induces implicit learning and listeners have to rely on 




trial and error so it can generally take a long time and the listeners are typically unaware of 
what has been learnt (Kellman, 2002; Lehet et al., 2020).  
Given that the key interest in this thesis is to seek an effective way to facilitate older 
adults’ recognition of foreign-accented speech, and given that no studies (to our knowledge) 
have specifically examined the effects of a short-term training with lexical feedback on older 
adults’ recognition of foreign-accented speech, the second experiment in this thesis (Chapter 
3) investigated whether the effects of such a training would help reduce the difficulty that 
older adults face in recognizing foreign-accented speech relative to younger adults. Further, 
although Davis et al. (2005) found that spoken feedback (i.e., clear speech) was just as 
effective as orthographic feedback (i.e., a written version of the sentence) in facilitating 
learning, presenting older adults with orthographic feedback might be more beneficial. This is 
because the continuous and fleeting nature of speech coupled with slow processing speed in 
older adults might limit their ability to learn efficiently from spoken compared to 
orthographic feedback. Therefore, the experiments in this thesis focused on orthographic 
feedback, that is, providing the listeners with a written version of the sentence immediately 
after the foreign-accented version.  
 
1.5.2 Generalisation effects 
As can be seen in Table 1.1, the effect of perceptual learning has also been probed by 
examining whether learning generalises to some novel stimuli that is similar to the one used 
during exposure/training. Such generalisation effects have been examined by comparing 
novel spoken items in the post-test by the same talker as training (e.g., Cooper & Bradlow, 
2016) or by a novel talker that has the same speech characteristics as the training talker (e.g., 




It has been shown that listeners can improve on the recognition of novel speech items 
spoken by the same foreign-accented talker as exposure/training; however, results are mixed 
as to whether they can improve on the recognition of a novel foreign-accented talker’s 
speech. For example, Weil (2001) demonstrated that younger adults were able to improve on 
the recognition of speech produced by a novel Marathi-accented English talker after exposure 
to a single talker with the same foreign accent. However, Bradlow and Bent (2008) showed 
that younger adults were only able to improve recognition of speech produced by the single 
Chinese-accented English talker that they had been exposed to but not for the speech of a 
novel talker with the same foreign accent.  
The discrepant results above could be explained by the different type of speech 
exposure used in these two studies. While Bradlow and Bent exposed the listeners to 
sentences over the course of two sessions, Weil exposed the listeners to highly variable 
speech materials, including isolated words, sentences, and passages over the course of three 
exposure sessions. If the different results were due to the amount and type of stimulus 
materials used, then this suggests that the extent to which listeners can generalise learning to 
a novel talker’s speech is determined by the extent of exposure to a diverse range of foreign-
accented speech. Indeed, consistent with the proposal that exposure to diverse range of 
speech materials helps with generalisation, Bradlow and Bent in their second experiment 
demonstrated that exposure to five Chinese-accented English talkers did facilitate 
generalisation to a novel talker with the same accent. 
It is also important to highlight here that a recent study (shown in Table 1.2) by 
Bieber and Gordon-Salant (2017) examined generalisation effects in both younger and older 
adults by employing multiple foreign accents types (unlike the studies described above which 
employed a single foreign accent type). More specifically, Bieber and Gordon-Salant 




generalisation of learning to a talker with a novel foreign accent. Their results showed that 
both younger and older adults were able to improve their recognition of speech produced by a 
talker with a novel foreign accent (Slovakian-accented English) following one session of 
exposure to speech from five foreign-accented English talkers (with Thai, Korean, Hindi, 
Romanian, and Mandarin native language backgrounds). However, it was reported that 
neither of the age groups gained any additional improvement after a second exposure session; 
and more importantly (related to one of the primary research questions examined in this 
thesis), they reported that the generalization effects were not maintained in older or younger 
adults one-week post-exposure. Bieber and Gordon-Salant concluded that a more robust 
paradigm, such as training with linguistic knowledge, might be more effective in facilitating 
generalisation as well as long-term effects.  
To our knowledge, no studies have investigated whether short-term foreign-accented 
speech training with orthographic feedback (via a single talker) can improve older (and 
younger) adults’ recognition of speech produced by a novel talker with the same foreign 
accent. Therefore, the second experiment in this thesis (Chapter 3) investigated this research 
question. 
 
1.5.3 Long-term effects of perceptual learning 
The effects of perceptual learning have also been assessed through its long-term effects, that 
is, maintenance or retention of improved performance over time (see Table 1.1, Eisner & 
McQueen, 2006; Witteman et al., 2015). For example, Eisner and McQueen (2006) 
demonstrated that with the help of lexical feedback, younger adults were able to remap an 
artificially induced ambiguous speech sound in a word onto relevant speech sound categories, 
and that these observed effects were maintained after a delay of 12 hours. Similarly, 




short-term perceptual learning with lexical feedback for Hebrew-accented Dutch words. 
These observed effects were maintained after a delay of one day and even after one week. 
Given that ageing is associated with changes in cognition, it is interesting and 
important to examine whether these changes will influence older adults’ ability to maintain 
perceptual learning over an extended period. Despite this, to our knowledge, there is a lack of 
studies that have specifically examined the long-term effects of perceptual learning for 
foreign-accented speech in older adults. Therefore, the third experiment in this thesis 
(Chapter 4) investigated whether the short-term training with written feedback can lead to 
long-term effects on older adults’ recognition of foreign-accented speech. 
 
1.5.4 Effects of perceptual learning in a noisy context 
As can be seen in Tables 1.1 and 1.2, the effects of perceptual learning in speech has also 
often been assessed in a noisy context. This aspect of assessment is important for three 
reasons. First, in an everyday listening environment the speech signal is often masked by 
some background noise. Second, studies with younger adults have shown that their difficulty 
in perceiving foreign-accented speech is further exacerbated when the speech is presented in 
noise (Lane, 1963; Rogers et al., 2004). This is because the listeners not only have to derive 
meaning from a speech signal which deviates from the pronunciation norms of native speech, 
but they also must cope with missing speech information. Third, given that older adults have 
more difficulty understanding speech in noise than younger adults (Pichora-Fuller et al., 
1995; Burda et al., 2003), it can also be assumed that older adults’ difficulty perceiving 
foreign-accented speech in noise would be increased even further relative to younger adults.  
In summary, a number of perceptual learning studies with younger adults have shown 
that despite their difficulty in recognizing foreign-accented speech in noise, they can get 




Cooper & Bradlow, 2016). However, with older adults, only one study (to our knowledge) 
has examined perceptual learning of foreign-accented speech in noise (Bieber & Gordon-
Salant, 2017). As mentioned earlier, Bieber and Gordon-Salant (2017) showed that older 
adults (as younger adults) can get better at recognizing speech in noise produced by a talker 
with a novel foreign accent following exposure to multiple talkers with different foreign 
accents. However, to our knowledge, whether older adults can get better at recognizing 
speech in noise produced by a single foreign-accented talker following exposure to that same 
single talker has not been examined. Note here however, that Adank and Janse (2010) has 
examined perceptual learning in older adults for artificial-accented speech in noise using a 
single talker paradigm, and demonstrated that older adults can improve their recognition of it 
after simple exposure. However, despite this improvement, older adults continue to face more 
recognition difficulties than younger ones due to their initial lower baseline level of 
recognition. It is likely that a more robust perceptual learning paradigm, such as training with 
linguistic knowledge, might be more helpful for older adults. Given the above, the fourth and 
last experiment in this thesis (Chapter 5) investigated whether the short-term training with 
orthographic feedback (that would provide listeners with access to linguistic knowledge) can 
improve older adults’ recognition of foreign-accented speech in noise.  
 
1.6 Research outline 
To summarise the research program, this thesis aimed to examine the effects of short-term 
perceptual training with written/orthographic feedback on foreign-accented speech 
recognition in older adults and compare these to those with younger adults. At a broad level, 
the aim in this thesis was to determine the extent and robustness of the effects of short-term 




spoken communication for older adults. To achieve this aim, four experimental studies 
(presented in Chapters 2 to 51) were conducted. 
In order to gauge the difficulty that listeners, especially older adults relative to 
younger ones, have in understanding foreign accented speech, the first study in this thesis 
(Chapter 2) compared older and younger adults’ performance on a speech recognition in 
noise task. This is because the results of previous studies about whether older adults have 
more difficulty than younger adults in recognizing foreign-accented speech are mixed 
(Ferguson et al., 2010; Gordon-Salant et al., 2010a). One factor that might have contributed 
to different study outcomes is that perceptual learning could have occurred in some studies 
due to exposure to the test stimuli. That is, if the study used a single talker with a foreign 
accent then the listener could have adapted to this accent throughout the course of the 
experiment. Plausibly, such ‘mere exposure’ perceptual learning may be different between 
younger and older adults (Colby et al., 2018); differential perceptual learning would 
ultimately lead to mixed findings. To minimise the influence of perceptual learning of 
foreign-accented speech during the test, the first thesis experiment employed a novel 
approach that involved using multiple different foreign accent types. That is, in the 
experiment, older and younger adults were required to recognize words in English sentences 
spoken by ten talkers who had different native language backgrounds (i.e., different foreign 
accent types). The results of this study also provided information about the foreign accent 
type which both older and younger adults found the most difficult to perceive which was then 
used in the subsequent perceptual training experiments (Chapters 3, 4, and 5) in this thesis. 
The second study in this thesis (Chapter 3) investigated the effects of short-term 
perceptual training with orthographic feedback on older and younger adults’ recognition of 
foreign-accented speech. The key interest in this study was to determine whether the effects 
                                                          
1 Please note that the experiments have been written as a series of papers, as such, there is some necessary 





of such a training can help reduce the difficulty that older adults face in recognizing foreign-
accented speech relative to younger adults; and whether it would generalize to novel talkers. 
This was investigated by comparing older and younger adults’ magnitude of improvement in 
speech recognition (from the pre-test to post-test) for the single foreign-accented talker that 
they were trained with as well as a novel talker with the same foreign accent. 
As a follow-up of the second study (Chapter 3), the third study (Chapter 4) examined 
whether such short-term training with orthographic feedback can result in long-term effects 
on older adults’ recognition of foreign-accented speech. This was examined by inviting the 
older adults from the second study to participate in a follow-up speech recognition post-test 
four months after they had completed the initial post-test, and then comparing their 
performance in the follow-up post-test with the initial post-test.  
Given that older adults have more difficulty understanding speech in noise, the fourth 
and final study (Chapter 5) investigated the effects of the short-term training on older adults’ 
recognition of foreign-accented speech in noise. This was investigated by training the older 
(and younger) adults with a single foreign-accented talker and then comparing their speech 
recognition performance in the post-test with the pre-test. This investigation included testing 









Chapter 2. Do Older Adults Have Greater Difficulty 
Recognizing Foreign-Accented Speech in Noise than 
Younger Adults? 
2.1 Introduction 
In order to understand spoken language, a listener is required to match the acoustic speech 
signal onto stored phonological and lexical representations (Davis & Johnsrude, 2007). 
However, the speech signal always varies due to the characteristics of the listening 
environment and the talker. This means to be able to understand what has been said, the 
listeners need to be flexible enough to be able to accommodate to any variations in the speech 
signal that do not match the stored representations. When these variations are small, listeners 
are able to understand what has been said with minimal effort. However, when these 
variations are substantial, listeners require cognitive processing resources, such as paying 
close attention to the speech signal (see FUEL; Pichora-Fuller et al., 2016) or they need to 
utilize the context and background information (see ELU model; Rӧnnberg et al., 2008) to 
understand what has been said. One such case is where parts of the speech signal have been 
masked by background noise. Here, matching what has been said to lexical representations is 
difficult because of missing speech information. Another case is where the talker has a 
foreign accent. In this case, the speech signal is intact but it deviates from the pronunciation 
norms of native speech making it difficult for the listener to understand what has been said.  
Due to age-related decline of sensory, perceptual and cognitive abilities, older adults 
(OA) tend to have more speech recognition problems in general relative to younger adults 
(YA) (Pichora-Fuller, 2003). Therefore, motivated by the idea that cognitive processing 




Pichora-Fuller et al., 2016), it is expected that less efficient cognitive abilities in OA means 
that they will have greater difficulty than YA to understand speech in difficult conditions. 
However, while several studies show this effect of age on speech recognition in difficult 
conditions, such as in background noise (CHABA, 1988; Stuart & Phillips, 1996; Tun, 1998), 
the extent of the difficulty that OA face relative to YA in recognizing foreign-accented 
speech (FAS) is not clear. Therefore, the aim of the current study was to examine whether 
OA have greater difficulty recognizing FAS than YA.    
One of the first studies to examine the effects of age in recognizing FAS was 
conducted by Burda et al. (2003). OA, middle-aged adults, and YA completed a speech 
recognition task for words and sentences in English spoken by native American-English, 
Taiwanese, and Spanish talkers. Results showed that irrespective of age, speech recognition 
performance for the talkers with a foreign accent was significantly lower than the native 
talker (i.e., effect of talker); and OA’s performance was significantly poorer than the two 
other age groups overall (i.e., effect of listener age). However, no interaction was found 
between the talker and listener age group variables. This lack of interaction suggests that 
while ageing is associated with a general decrease in processing speech, OA did not have 
greater difficulty recognizing FAS than YA. Similar to the findings of Burda et al. (2003), a 
study by Shah et al. (2005) found that while there were effects of talker (native American-
English vs. Croatian-accented English) and listener age group (OA vs. YA), OA were not 
significantly worse at understanding the foreign accent. 
A limitation of the above two studies was that they only examined the effects of age 
in recognizing FAS in a relatively easy condition, that is in quiet. Examining OA’s difficulty 
in recognizing FAS in a difficult and realistic condition such as noise is crucial because the 
effect of listener age in recognizing FAS is likely to be greater in more difficult listening 




between OA and YA in recognizing native speech in quiet conditions, increasing perceptual 
difficulty, such as adding noise significantly increases OA’s speech recognition difficulty 
(e.g., Dubno et al., 1984; Stuart & Phillips, 1996). Pichora-Fuller et al. (1995) also showed 
that as the level of noise increases, so does OA’s recognition difficulties for native speech 
relative to YA. More, a study with YA by Rogers et al. (2004) demonstrated that while there 
were no differences in recognizing speech between a native and a foreign-accented English 
talker (with high proficiency) in a quiet condition, adding noise significantly reduces 
recognition for FAS but not native speech. This means that for OA, recognizing FAS in noise 
is likely to be more difficult than YA.  
The results of studies that have examined whether OA have greater difficulty 
recognizing FAS in noise than YA are mixed. Ferguson et al. (2010) presented YA and OA 
with normal hearing, as well as OA with hearing impairment a speech recognition task with 
English words spoken by native American-English and Spanish talkers. The words were 
presented in three listening conditions: in quiet, noise (+3 dB signal-to-babble ratio), and a 
telephone filter condition. Unexpectedly, the results showed that while both groups of OA 
relative to YA were greatly affected by noise, they were not differentially affected by the 
foreign accent relative to YA. However, the findings of Ferguson et al. (2010) do not agree 
with that of another study by Gordon-Salant et al. (2010b) which showed that OA 
(irrespective of hearing status) were greatly affected by the foreign accent relative to YA 
when it was presented in noise. While Gordon-Salant et al.’s (2010b) study differed from 
Ferguson et al. (2010) with regards to speech materials (sentences vs. words), both these 
studies had employed Spanish-accented English talkers, YA and OA with normal hearing, 
and OA with hearing impairment, and the same type and level of noise. Hence, the question 
of whether OA have greater difficulty recognizing FAS than YA, especially in noise, still 




A limitation in the studies described above is that they have not examined the effects 
of age in recognizing FAS as a function of the perceived foreign accent strength. This is a 
limitation because if the perceived foreign accent strength of a particular talker is only mild, 
then for the listeners, speech from this talker is perceived to deviate less from the 
pronunciation norms in native speech, and would not pose a challenge understanding it. 
Therefore, it is expected that OA would have less difficulty recognizing FAS (relative to YA) 
when the talker has a mild foreign accent. However, if the perceived foreign accent strength 
of a talker is strong, then it is expected that OA would have greater difficulty recognizing it 
(relative to YA). Thus, it is plausible that the contradictory findings between Ferguson et al. 
(2010) and Gordon-Salant et al. (2010b) could likely be explained in terms of the differences 
in the perceived foreign accent strength between the two Spanish-accented English talkers 
employed in their respective studies.  
One way to examine whether OA have greater difficulty recognizing FAS than YA as 
a function of the perceived foreign accent strength would be to test OA and YA on a speech 
recognition task where they would be required to recognize words and sentences spoken by 
multiple talkers that had the same type of foreign accent (i.e., talkers with the same native 
and non-native language backgrounds) but which varied in the perceived foreign accent 
strength (e.g., Spanish-accented English talkers with mild, moderate, and strong accents). 
Although keeping the type of foreign accent constant and only varying foreign accent 
strength seems ideal, a problem with this method is that it might be more likely that listeners 
would adapt to the foreign accent of talkers who have the same native language background. 
That is, studies have shown that a listener’s difficulty in recognizing FAS can be reduced via 
perceptual learning from a simple exposure to that foreign accent (Clark & Garrett, 2004; 




English) was employed then there may be a confound as YA and OA may have different 
perceptual learning abilities.  
One way around to minimize perceptual learning would be to present the listeners 
with speech randomly from talkers who have different native language backgrounds (i.e., 
talkers with multiple foreign accent types) and whose foreign accent varied in perceived 
strength. Therefore, in the current study, monolingual Australian-English OA and YA 
completed a speech recognition in noise task where they recognized words in English 
sentences spoken by ten talkers2. These talkers were rated by the participants themselves (in a 
foreign accent strength rating task) as having either no, mild, moderate, or strong foreign 
accent strengths and had different native language backgrounds (Australian-English, German, 
Dutch, Spanish, Serbian, Vietnamese, Japanese, Hindi, Fijian-Hindi and Jamaican).  
The current study examined two issues. First, we wanted to determine whether OA 
have greater difficulty recognizing FAS in noise than YA as a function of the perceived 
foreign accent strength. In line with the findings of previous studies that show that OA have 
more speech recognition difficulties than YA when the perceptual difficulty increases, such 
as speech in background noise (e.g., Dubno et al., 1984; Pichora-Fuller et al., 1995; Stuart & 
Phillips, 1996), it is predicted that OA might have greater difficulty recognizing FAS in noise 
than YA when the foreign accent strength is perceived to be strong compared to when it is 
perceived to be mild. That is, the difficulty that OA have in recognizing speech in noise 
relative to YA might increase as the perceived strength of the foreign accent increases (from 
none to mild to moderate to strong). Second, we also wanted to examine whether there are 
                                                          
2 Note that although these talkers differ from each other in ways more than just the accent type (e.g., indexical 
differences, speech errors etc.), the rationale for this study was to examine what occurred for OA and YA when 
performance levels differed. This was achieved by using talkers who had different accents – whether this was 
wholly a function of the accent or due to indexical differences, etc., is beside the point. The key comparison was 
the performance of OA and YA in perceiving the ‘same’ foreign accented speech. That is, the speech stimuli 







differences in how OA and YA perceive the foreign accent strength of the different talkers to 
better understand the effects of age in perceiving FAS. To our knowledge, no studies have 
addressed this question; however, given OA’s general difficulty in understanding speech in 
difficult conditions, it is expected that they might be less tolerant of deviations from native 
speech pronunciation than YA and therefore, overall perceive the foreign accent strength of 




Thirty YA (8 males, Mage = 21 years, SD = 1.70) and thirty OA (15 males, Mage = 72 years, 
SD = 4.38) participated in this study. All the participants were monolingual Australian-
English listeners. YA were recruited from Western Sydney University and were reimbursed 
with course credit; and OA from the Western Sydney local community and were financially 
reimbursed for their time. All participants were screened to ascertain their familiarity with the 
accents employed in this study. Although care was taken to exclude participants who have 
had extensive exposure to these accents, majority of participants reported familiarity with 
German-, Spanish-, and Indian-accented English.   
The mean hearing levels (dB) for both YA and OA (for the better ear) at each tested 
frequency (i.e., 0.5, 1, 2, and 4 kHz) is shown in Figure 2.1. All the YA had normal hearing 
as defined by average pure-tone air and bone conduction thresholds (less than 25 dB hearing 
level from 0.5 to 4 kHz for the better ear (Bieber & Gordon-Salant, 2017)). The OA’s hearing 
acuity were more diverse (M = 25 dB, SD = 4.09) and ranged from normal hearing (i.e., ≤ 25 
dB; n = 19) to mild hearing loss (i.e., > 25 dB and ≤ 40 dB hearing level at one frequency; n 




level for the better ear (which is typical for age-related threshold patterns (Gordon-Salant et 
al., 2010a, 2010b)).  
 
Fig. 2.1. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of hearing levels (dB) for both YA and OA across 0.5, 1, 2, and 4 kilohertz. 
Violin plots represent the probability density of the data across the distribution3. 
 
2.2.2 Talkers 
Ten female talkers between 25 and 48 years of age were selected for this experiment via a 
convenience sampling method. One of these talkers was a native Australian-English talker 
whilst the rest of them were non-native English talkers. Each of the non-native English 
talkers learnt English between 6 and 13 years of age and had different native language 
backgrounds. These were German, Dutch, Spanish, Serbian, Vietnamese, Japanese, Hindi, 




                                                          
3 Please note that in this thesis all the violin density plots extend beyond the actual data due to the smoothing of 




2.2.3 Stimuli  
The stimuli consisted of auditory recordings of 100 English sentences spoken by the ten 
talkers (N = 10 x 100). These sentences were selected from IEEE Harvard list (1969) and are 
phonetically balanced and semantically unpredictable. Each sentence contains five keywords 
(e.g., “The latch on the back gate needs a nail”), and scoring was based on the recognition of 
these keywords. 
The auditory recordings of all the talkers took place in a sound-attenuated room at the 
MARCS Institute, Western Sydney University. The sentences were presented one by one on a 
17” LCD computer monitor. The talkers were asked to read each out loud in a neutral tone 
whilst audio was recorded. The microphone (AT 4033a Transformerless Capacitor Studio 
Microphone) was placed approximately 20 cm away from the talkers’ mouth. The audio 
recordings were then segmented into individual files for each sentence using Praat software 
(v 5.1.32, Boersma & Weenink, 2010). 
Then, each talker’s segmented auditory recordings was combined with noise created 
by computing the long-term average spectrum of all recorded utterances of that talker, that is, 
tailored speech shaped noise (SSN). Tailored SSN ensures that the speech and noise for each 
of the talkers has similar spectral properties. This was used to control for possible speech 
recognition differences across talkers that might have occurred if the same noise was to be 
used for all the talkers. SSN was created using Praat software (v 5.1.32, Boersma & Weenink, 
2010).  
The segmented auditory recordings and noise was then combined using a tailored 
Matlab script (MATLAB R2013a). The signal-to-noise ratio (SNR) for the YA and OA was 
determined through pilot testing. The SNR at which the participants could achieve close to 50 
percent speech recognition accuracy was selected in order to avoid ceiling and floor effects. 




the OA, it was presented at -1 SNR. Both YA and OA were presented with stimuli from the 
non-native English talkers at -1 SNR.  
 
2.2.4 Design 
This study employed two tasks – a speech recognition in noise task and a foreign accent 
strength rating task. For the speech recognition in noise task, 100 different sentences (i.e., 10 
sentences x 10 talkers) were presented in SSN. The sentences from the talkers were presented 
in a pseudo-random order to minimize perceptual learning effects. In this task, participants 
were asked to type in what they heard. No feedback was given or time limit imposed.  
For the foreign accent strength rating task, 50 sentences (i.e., 5 sentences x 10 talkers) 
were presented in a pseudo-random order. The sentences presented were selected from same 
list as the speech in noise recognition task; however, they were presented without noise. 
Noise was excluded from the foreign accent strength rating task to allow the participants to 
be able to rate the foreign accent strength without any added distortion. Foreign accent 
strength was rated on a five-point scale (from 1: no foreign accent at all to 5: strong foreign 
accent). No time limit was imposed.    
It is important to note that 10 versions of the experiment were created. This was done 
so that all the sentences were equally presented by the 10 talkers. The participants were 
equally allocated to each of the 10 versions. Further, the participants always completed the 
speech recognition in noise task first and then the foreign accent strength rating task in quiet 









Participants were tested individually in a sound-attenuated room. First, their hearing acuity 
was assessed with a portable Interacoustics audiometer AD229e. Then they completed the 
speech recognition in noise task where they were required to listen to the auditory stimuli, 
and then type in what they heard using a keyboard. Following this, the participants completed 
the foreign accent strength rating task where they were instructed to listen to the auditory 
stimuli (without noise) and then rate the strength of the foreign accent on the five-point scale.  
The audio was presented through a Sennheiser HD-555 headset at 75 dB. Stimulus 
display and response collection was carried out using the DMDX software (Forster & Forster, 
2003). The whole experiment was self-paced with no time limit. The participants were given 
two short breaks, one during half-way of the speech recognition in noise task and the other 
one at the end of this task but before the foreign accent strength rating task. At the conclusion 
of the experiment, participants were debriefed as to the purpose of the study.  
The number of correct keywords recognized per sentence was calculated for data 
analysis. Credit was given to keywords that were recognized exactly as they appear in the 
stimulus sentence. Keywords that were correctly recognized although with a spelling mistake 
and/or an added (or deleted) grammatical suffix (e.g., “laughed” instead of “laugh” (or vice 
versa)) were not scored as incorrect. The aim of the scoring criteria employed here was to 
determine the proportion of the acoustic signal accurately perceived and is in line with those 
used in previous studies (e.g., Burda et al., 2003). 
 
2.3 Results  
2.3.1 Foreign accent strength rating 
Figure 2.2 shows the mean foreign accent strength rating scores for each of the ten talkers by 




and whether OA and YA differed in their ratings, a mixed repeated-measures analysis of 
variance (ANOVA) was conducted with age group (OA vs. YA) as the between-participants 
variable and talkers (with Australian-English, German, Dutch, Spanish, Serbian, Vietnamese, 
Japanese, Hindi, Fijian-Hindi and Jamaican native language backgrounds) as the within-
participants variable.  The main effect for age group was significant, F(1,58) = 4.40, p = .04, 
ηp2 = .04. YA gave higher foreign accent strength rating scores (M = 3.2, SE = 0.1) than OA 
(M = 3.0, SE = 0.1). The main effect for talkers was also significant, F(9, 522) = 214.32, p < 
.00, ηp2 = .79. As shown in Figure 2.2, the participants rated the talker with native 
Australian-English background as having no foreign accent (M = 1.0, SE = 0.0) and the talker 
with native Japanese background as having the highest strength of foreign accent (M = 4.7, 
SE = 0.1). The age group by talkers interaction was not significant, F(9,522) = 1.36, p = .21, 
ηp2 = .02.  In general, the 10 talkers can be grouped based on the overall mean rating results 
into four foreign accent strength categories, that is, none (rating of 1 = Australian-English), 
mild (ratings between 2 – 2.9 = German, Hindi, Dutch), moderate (ratings between 3 – 3.9 = 











Fig. 2.2. The box plots represent the mean (dotted line), median (solid line) and interquartile range (Q3-Q1) of the foreign accent strength rating 
scores on a five-point scale (from 1: no foreign accent at all to 5: strong foreign accent) for each of the ten talkers by YA and OA. Violin plots 




2.3.2 Keyword recognition performance 
Figure 2.3 shows the mean percent correct keywords recognized by the OA and YA as a 
function of foreign accent strength (i.e., none, mild, moderate, and strong). In order to 
examine the effects of age in recognizing FAS as a function of the perceived foreign accent 
strength, a mixed repeated-measures ANOVA4 was conducted with age group (OA vs. YA) 
as the between-participants variable and foreign accent strength (none, mild, moderate, and 
strong) as the within-participants variable. The main effect for age group was significant, 
F(1,58) = 37.32, p < .00, ηp2 = .96. Overall, YA had higher keyword recognition scores (M = 
40.8, SE = 1.4) than OA (M = 28.7, SE = 1.4). The main effect for foreign accent strength 
was also significant, F(1.91, 110.87) = 221.60, p < .00, ηp2 = .79. Participants (both OA and 
YA) had the highest keyword recognition scores when the foreign accent strength was none 
(M = 53.7, SE = 1.8), followed by mild (M = 35.5, SE = 1.2), then moderate (M = 31.3, SE = 
1.2), and the lowest when the foreign accent strength was strong (M = 18.5, SE = 0.9). The 
age group by foreign accent strength interaction was also significant, F(1.91, 110.87) = 4.05, 




                                                          
4 Please note that a regression analysis potentially could have provided another way of determining whether 
variation in foreign accent strength rating was related to speech recognition performance than an ANOVA. 
However, the strategy of constructing three equal-sized groups based on rated foreign accent strength (mild, 
moderate, strong) provided a conceptually straightforward way of testing this that is more robust to outliers, and 




Fig. 2.3. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of the percent correct keywords recognized by YA and OA as a function of 
foreign accent strength. Violin plots represent the probability density of the data across the 
distribution. 
 
The age group by foreign accent strength interaction was further analysed by 
examining the differences in keyword recognition scores between OA and YA for each of the 
foreign accent strengths separately using post-hoc tests of simple effects with Bonferroni 
adjustments. The results (Table 2.1) show that the difference in keyword recognition scores 
between OA and YA was significant (with p < .00) for all foreign accent strengths. OA had 
lower mean keyword recognition scores than YA for all foreign accent strengths. Further, (as 
shown in Figure 2.3 and revealed by the mean differences in Table 2.1), the difference 
between OA’s and YA’s keyword recognition scores was the highest when the foreign accent 
strength was mild, followed by none, then moderate, and the lowest when the foreign accent 
strength was strong. That is, our results show that OA had greater difficulty recognizing 
keywords than YA in general; and (1) this greater difficulty was more for native speech (i.e., 




accent strengths; and (2) this greater difficulty was more for speech with mild foreign accent 
strength than native speech.  
 
Table 2.1  
Simple Effects Results for the Effect of Age by Foreign Accent Strength 
Foreign 
Accent 
Strength        




None [1,58] 17.28 .00 .23 -14.66 3.53 
Mild [1,58] 42.89 .00 .43 -15.55 2.37 
Moderate [1,58] 21.67 .00 .27 -10.96 2.35 
Strong [1,58] 14.32   .00 .20 -6.94 1.83 
 
 
Given that OA’s difficulty relative to YA was only greater for speech with mild 
foreign accent strength than native speech, that is, an effect of foreign accent (but not for 
moderate and strong foreign accents), further analysis was carried out to determine if there is 
a significant difference between OA’s and YA’s keyword recognition scores for native 
speech and speech with mild foreign accent. A mixed repeated-measures analysis of variance 
(ANOVA) with age group (OA vs. YA) as the between-participants variable and foreign 
accent strength (none vs. mild) as the within-participants variable was conducted. The main 
effect for age group was significant, F(1,58) = 38.25, p < .00, ηp2 = .40. As found above, YA 
had higher keyword recognition scores (M = 52.2, SE = 1.7) than OA (M = 37.1, SE = 1.7). 
The main effect for foreign accent strength was also significant, F(1,58) = 107.61, p < .00, 
ηp2 = .65. As found above, participants (both OA and YA) had higher keyword recognition 
scores when the foreign accent strength was none (M = 53.7, SE = 1.8) than mild (M = 35.5, 




interaction was not significant, F(1,58) = .07, p = .80, ηp2 = .00. That is, although OA had 
greater difficulty recognizing keywords than YA in general, this greater difficulty was not 
significantly different between native speech and speech with mild foreign accent strength. 
 
2.4 Discussion 
The main aim of this study was to investigate whether OA have greater difficulty recognizing 
FAS in noise than YA as a function of the perceived foreign accent strength. To investigate 
this, we tested monolingual Australian-English OA and YA on a speech recognition in noise 
task where they were required to recognize words in English sentences spoken by ten talkers. 
These ten talkers were rated by the participants themselves (in a foreign accent strength rating 
task) as having either no, mild, moderate, or strong foreign accent strengths. An important 
methodological consideration in our study was that we recruited talkers with multiple foreign 
accent types to minimize perceptual learning. This is because previous studies have shown 
that a listener’s difficulty in recognizing FAS can be reduced via perceptual learning from a 
simple exposure to that foreign accent (Clark & Garrett, 2004; Bradlow & Bent, 2008), and 
that if the same type of foreign accent was employed then there may be a confound as YA 
and OA may have different perceptual learning abilities.  
To examine the effects of age in recognizing FAS as a function of the perceived 
foreign accent strength, we compared speech recognition in noise performance between the 
two age groups (OA and YA) across the four foreign accent strength categories (none, mild, 
moderate, and strong). Our prediction was that the difficulty that OA have in recognizing 
speech in noise relative to YA might increase as the perceived strength of the foreign accent 
increases from none (i.e., native speech) to mild to moderate to strong.  
We found an effect of age — OA’s speech recognition in noise performance was 




YA) had the lowest speech recognition in noise performance when the foreign accent strength 
was strong, followed by moderate, then mild, and the highest performance when the foreign 
accent strength was none (i.e., native speech). However, contrary to our prediction, we found 
that the difficulty that OA have in recognizing speech in noise relative to YA did not increase 
as the perceived strength of the foreign accent increased from none to mild to moderate to 
strong. Unexpectedly, we found that OA’s speech recognition in noise difficulty relative to 
YA was greater for native speech than speech with moderate and strong foreign accent 
strengths. We also found that while OA’s speech recognition in noise difficulty relative to 
YA was marginally greater for speech with mild foreign accent strength than native speech, 
this difference did not reach statistical significance.  
Burda et al. (2003) and Shah et al. (2005) have shown that while ageing is associated 
with a general decrease in processing speech, and that understanding FAS is more difficult 
than native speech (for both OA and YA), OA do not have greater difficulty recognizing FAS 
than YA in quiet, a relatively easy listening condition. Our current findings expand on these 
prior findings by demonstrating that even in a more difficult listening condition, such as FAS 
in noise, OA do not have greater speech recognition difficulties than YA. In this regard, the 
findings of our study agree with those of Ferguson et al. (2010) who have also shown that OA 
do not have greater difficulty recognizing FAS in noise than YA. Moreover, our current 
findings expand the findings of Ferguson et al. by demonstrating that increase in perceived 
foreign accent strength (from mild to moderate to strong) also did not increase OA’s FAS 
recognition in noise difficulty relative to YA, even when perceptual learning was minimized.  
Our findings also show that OA speech recognition difficulty relative to YA was more 
prominent for native speech as compared to speech with moderate and strong foreign accent 
strengths. This finding contradicts with those of previous studies (e.g., Dubno et al., 1984; 




difficulties relative to YA increases as the perceptual difficulty increases, such as speech in 
background noise. One potential explanation for the contradictory findings is that as OA’s 
speech recognition difficulty increases with increasing foreign accent strength, so does YA’s 
speech recognition difficulty. That is, it is likely that the lack of age difference for the more 
extreme accents is due to range compression or floor effects. Indeed, studies (e.g., Tun, 1998) 
have shown that speech processing differences between OA and YA is less prominent in very 
difficult conditions (i.e., floor effect). Thus, we suggest that a markedly increased perceptual 
difficulty for both OA and YA (as a function of foreign accent strength) can potentially 
explain why the effect of age in recognizing speech in noise was less prominent for speech 
with moderate and strong foreign accent strengths compared to native speech.  
Our current findings can be taken to suggest that the perceptual difficulty that a 
foreign accent presents for OA (relative to YA) in recognizing speech is different from that of 
speech in background noise. In this regard, we agree with the conclusions of Ferguson et al. 
(2010) that the difference in perceptual difficulty arises because the variations in FAS 
(relative to native speech) is a characteristic of the talker and inherent to the speech signal. 
On the other hand, the variation in speech masked by background noise (relative to speech in 
quiet) is a characteristic of the listening environment and acquired after speech production. 
Essentially, understanding FAS is difficult because a listener is required to match the 
accented speech signal onto stored mental representations in native or unaccented form. In 
contrast, understanding speech in background noise is difficult because of reduced or missing 
speech signal. Given these differences in speech characteristics between FAS and speech in 
background noise, and in light of our findings, we suggest that there are important differences 
in perceptual difficulty resulting from the two speech types. We also suggest that there are 




listeners, especially OA (relative to YA), overcome the speech recognition problems 
associated with these speech types. 
There are some important points to note in the current study. First, although the OA’s 
speech recognition ability in the current study was not differentially affected by the foreign 
accent relative to YA, this finding does not agree with that of Gordon-Salant et al.’s (2010b) 
study. Second, as mentioned earlier, OA’s speech recognition in noise difficulty relative to 
YA was marginally greater (albeit not statistically significant) for speech with mild foreign 
accent strength compared with native speech. These inconclusive findings suggest that that 
there are factors other than foreign accent strength that may have had an effect on these 
results. Indeed, the talkers employed in this study varied on numerous factors other than 
foreign accent strength. For example, not only did they vary on native language background 
type but they also varied on factors such as proficiency, age of second language acquisition, 
first and second language usage, time spent in the second language environment and so forth. 
These factors might also influence whether OA have greater difficulty recognizing FAS than 
YA. Therefore, it would be helpful for future studies to examine the effect of age in 
recognizing FAS as a function of these talker and/or language related factors. 
Another interest in the current study was to examine whether there are differences in 
how OA and YA perceive the foreign accent strength of the different talkers employed in this 
study. Given OA’s general difficulty in understanding speech in difficult conditions, it was 
expected that they will perceive the foreign accent strength of the different talkers as being 
stronger overall than YA. However, contrary to our prediction we found that it was YA that 
rated the talkers as having stronger foreign accent strength overall than OA. That is, 
unexpectedly our results suggest that OA are more tolerant of deviations from native speech 




Our proposition with the finding that OA are more tolerant than YA with deviations in 
pronunciations is social in nature. We propose that OA may be more accepting of linguistic 
deviations caused by foreign accents than YA as they are more likely to receive support and 
care from non-native English talkers through the aged care industry (as a result of the 
Australian aged care workforce being made up of many immigrant workers). In this regard, it 
is likely that OA’s exposure to talkers with foreign accents may have led them to have fewer 
biases, hold more positive attitudes, be more socially flexible and appreciative with FAS than 
YA. This proposition is consistent with Allport’s (1954) Intergroup Contact Theory which 
suggests that individuals are less biased and more accepting of out-group members, such as 
individuals who speak with a foreign accent when meaningful contact has been exchanged 
with those out-group members. For example, having a positive interaction with an aged care 
worker who has a foreign accent is likely to promote social liking and acceptance. Indeed, 
our results and proposition complement the findings of the study conducted by Ingvalson et 
al. (2017) which showed that the OA in their study gave more pleasant ratings to talkers with 
foreign accents (on domains such as pleasantness of speech, warmth, refinement of speech, 
and ease of understanding) than YA.  
To conclude, this study examined whether OA have greater difficulty recognizing 
FAS in noise than YA; and whether this difficulty varies as a function of perceived foreign 
accent strength. We found that overall, OA’s speech recognition in noise performance across 
the accents was lower than YA. Given that the current study tested the participants with 10 
foreign accents (by different talkers), it is likely that these finding will generalize to other 
accents and talkers as well. That is, it is expected that OA would have more speech 
recognition problems than YA for other foreign accents which were not employed in this 
study. We also found that OA (as well as YA) had the lowest speech recognition in noise 




moderate, then mild) compared with native speech. Here, it is also expected that this finding 
would generalize to other types of foreign accents. Most importantly, we found that OA did 
not have greater difficulty recognizing FAS in noise than YA and that this difficulty did not 
vary as a function of perceived foreign accent strength even when perceptual learning was 
minimized. Further, we found that despite OA’s general difficulty in understanding speech in 
difficult conditions than YA, OA tend to be more tolerant of the linguistic deviations from 
native speech pronunciations caused by the presence of foreign accents than YA. These 
findings have important implications on understanding the communication problems that 
listeners have in understanding FAS.  
A follow-up study examining whether OA have greater difficulty recognizing FAS in 
quiet than YA as a function of the perceived foreign accent strength would be beneficial5. 
Such an investigation which employs FAS in quiet might help remove any compression or 
floor effects which were observed in the current study for the more extreme accents in noise. 
In addition, to test the effect of noise in recognizing FAS in OA (relative to YA), the current 
study employed speech shaped noise (SSN). The aim of using SSN was to systematically and 
in a controlled manner test how critical components of a realistic listening condition (i.e., 
noise), in its basic form affects OA’s FAS recognition. Future studies should examine how 
more realistic noise types, such as, a competing talker or multi-talker babble might affect 
OA’s FAS recognition (relative to YA). It is likely that the informational masking caused by 
competing talkers might be more cognitively demanding for OA; and therefore, show greater 
age effects in recognizing FAS than the energetic masking caused by SSN (see Cooke et al., 
2008). Further research is also warranted on how a listener’s difficulty in recognizing FAS 
can be reduced via perceptual learning.  
 
                                                          




Chapter 3. Effects of Short-term Training with 
Feedback on Older and Younger Adults’ 
Recognition of Foreign-accented Speech 
3.1 Introduction 
Effective speech recognition requires coping with the variability inherent in the speech signal 
(e.g., differences in speaking rate and/or talker characteristics). In general, when listening to 
native speech, people are remarkably adept at accommodating to its variability. However, this 
is not the case for foreign-accented speech (FAS) where the variability goes beyond what is 
typically encountered with native speech at segmental (e.g., phoneme) and suprasegmental 
(e.g., pitch, rhythm, and duration) levels (Gut, 2012). For instance, studies show that it is 
harder to understand FAS than native speech (Munro & Derwing, 1995; Bradlow & Bent, 
2003; Clark & Garrett, 2004; Rogers et al., 2004). Additionally, our previous study (Chapter 
2) as well as many others (e.g., Burda et al., 2003; Pichora-Fuller, 2003) have shown that 
older adults (OA) have more speech recognition difficulties overall than younger adults 
(YA). It has been suggested that this difficulty may be related to an age-related decline in 
perceptual and cognitive abilities (Cristia et al., 2012).  
Although recognizing FAS is more difficult than native speech, there is growing 
evidence from studies on YA that the difficulty in recognizing FAS can be reduced (i.e., 
understanding occurs more quickly, accurately, and with less effort) via perceptual learning 
simply after a short-term exposure to FAS by a single talker (Clark & Garrett, 2004; Bradlow 
& Bent, 2008; Banks et al., 2015). Interestingly, it has been shown that simple exposure to 
FAS by a single talker can also improve FAS recognition in OA. For example, Adank and 




accented Dutch sentences was significantly improved after a short-term exposure to only 20 
sentences produced by a single talker. Similarly, Gordon-Salant et al. (2010a) showed that 
after an exposure to only 20 sentences produced by a Spanish-accented English talker, OA’s 
speech recognition performance significantly improved for another 20 sentences produced by 
the same talker. 
However, although listeners can improve their recognition of FAS after a simple 
short-term exposure to FAS by a single talker, two sets of results need to be considered. First, 
it has been found that the effect of the short-term exposure to FAS by a single talker does not 
generalize to a novel talker’s FAS. For example, with YA, Bradlow and Bent (2008) showed 
that short-term exposure to speech from a single Chinese-accented English talker only 
facilitated speech recognition for that same talker but not to a novel talker with the same 
foreign accent. It appears that for perceptual learning to generalize to a novel talker’s speech, 
extensive exposure to the foreign accent is required. For instance, Weil (2001) showed that 
listeners can improve their recognition of Marathi-accented English speech produced by a 
novel talker with the same foreign accent by employing a single talker paradigm albeit with 
extensive exposure to speech materials (such as, words, sentences, and passages) over three 
exposure sessions. That is, the effect of exposure to FAS by a single talker can be generalized 
to a novel talker’s speech when listeners are exposed to utterances that provide a broad 
sampling of that single foreign-accented talker’s articulatory inventory. 
To add to the finding that extensive exposure to the foreign accent helps generalize 
perceptual learning to a novel talker, Bradlow and Bent (2008) in their second experiment 
showed that YA can improve their recognition of FAS produced by a novel talker provided 
they are exposed to FAS produced by multiple talkers with the same type of foreign accent 
(i.e., when they have the same native and second language backgrounds). This is because 




speaking the second language, thereby making their accents highly systematic and consistent. 
Moreover, unlike Weil (2001), the YA in Bradlow and Bent’s study was only exposed to 
limited speech materials (i.e., sentences) and over two exposure sessions. This indicates that 
generalized perceptual learning for FAS can also be achieved through short-term exposure to 
limited FAS materials by multiple talkers. 
As for OA, to our knowledge, generalization to a novel talker with the same foreign 
accent as the single foreign-accented talker has not been examined. Nevertheless, a recent 
study by Bieber and Gordon-Salant (2017) showed that OA (and YA) were able to improve 
their recognition of speech produced by a talker with a novel foreign accent (Slovakian-
accented English) following one session of exposure to speech from five foreign-accented 
English talkers (with Thai, Korean, Hindi, Romanian, & Mandarin native language 
backgrounds). However, although this finding suggests that a short-term exposure to speech 
from multiple talkers with foreign accents induces generalized perceptual learning in OA, this 
benefit of exposure was not retained in OA (or YA) one-week post-exposure. 
The second result to consider is that although short-term exposure to FAS by a single 
talker can improve OA’s recognition of FAS, this improvement occurs at a similar level to 
YA (e.g., Adank & Janse, 2010; Gordon-Salant et al., 2010a). Given that the pre-exposure 
baseline level of FAS recognition for OA is lower than YA, this means that OA do not reach 
the level of FAS recognition performance of accent exposed YA. That is, although a simple 
short exposure to FAS by a single talker does help reduce the difficulty that OA face in 
recognizing FAS, it does not reduce the gap between OA’s and YA’s recognition of FAS. 
Given the above, the question of interest in the current study is whether there is a 
more robust perceptual learning paradigm that can help reduce the gap between OA’s and 
YA’s recognition of FAS after a short-term exposure to FAS by a single talker, and also 




found a research method of exposure with feedback interesting, that is, perceptual training 
which have been explored in studies on perceptual learning. For instance, Davis et al. (2005) 
showed that YA who were provided training with linguistic feedback, either in the form of 
clear speech or a written version of the noise-vocoded sentence presented immediately after 
its auditory version, had much better recognition of noise-vocoded sentences over the course 
of 30 trials than those YA that simply received exposure without feedback.   
Similarly, a recent study by Cooper and Bradlow (2016) showed that speech 
recognition for a single Mandarin-accented English talker was facilitated for YA who 
received short-term training with linguistic feedback compared to those who simply received 
exposure to the talker. Here, feedback consisted of sentences produced by a native English 
speaker after being presented with the same sentences in Mandarin-accented English. These 
studies suggest that a relatively short-term training with feedback which provides listeners 
with access to higher level linguistic knowledge might facilitate more robust perceptual 
learning than a simple exposure paradigm. This suggestion was followed up in the current 
study. 
In the current study, we examined the effects of short-term training (via exposure to 
FAS by a single talker) with orthographic feedback (a written version of the FAS sentence) 
on OA’s and YA’s recognition of FAS. Our interest was to determine whether the effects of 
such a training would generalize to novel talkers; and/or help reduce the difficulty that OA 
face in recognizing FAS relative to YA. If provision of linguistic knowledge through 
feedback allows for a robust perceptual learning to take place (Davis et al., 2005), and given 
that talkers who have the same type of foreign accent have highly systematic and consistent 
deviations when speaking the second language (Bradlow & Bent, 2008), then such a training 
paradigm (albeit via a single talker) may facilitate generalization by guiding speech 




Further, with robust perceptual learning OA may improve their performance as much, 
if not more than, YA. Previous studies (e.g., Adank & Janse, 2010; Gordon-Salant et al., 
2010a) have shown that like YA, OA can improve their recognition of artificial and FAS 
simply by being exposed to speech from a single talker. Given this, it is expected that OA 
will be able to use the training to facilitate learning and therefore FAS recognition. Moreover, 
given that the pre-exposure baseline level of FAS recognition for OA is relatively low, OA 
may be able to derive a greater magnitude of improvement in recognizing FAS than YA from 
a robust perceptual learning paradigm. 
As a secondary aim in the current study, we also wanted to investigate the potential 
influences of perceptual and cognitive abilities on recognizing FAS. For example, Gordon-
Salant et al. (2010b) have shown that OA with hearing loss had more difficulty recognizing 
Spanish-accented English sentences than OA and YA with normal hearing. Moreover, Adank 
and Janse (2010) have shown that OA with poor executive function abilities (measured via a 
Trail Making Test; Reitan, 1985; which involves connecting circles in an alphanumerical 
sequence) had more difficulty comprehending artificial-accented Dutch sentences. Therefore, 
given that hearing acuity and executive function abilities have been shown to have an 
influence on recognizing artificial and FAS, we predict that these might also influence OA’s 
recognition of FAS.   
In the current study, monolingual Australian-English OA and YA were recruited and 
tested on recognition of FAS. The study took account of four important design 
considerations. First, we employed Japanese-accented English speech. This is because 
Japanese is not a commonly spoken language in Australia; and therefore, the listeners were 
usually unexposed to it. Further, Japanese differs substantially from English at segmental 
(e.g., different phoneme inventory; Takagi, 2009) and suprasegmental level (e.g., different 




accent thereby making recognition of Japanese-accented English rather difficult. Indeed, our 
previous study (Chapter 2) showed that monolingual Australian-English OA and YA did have 
significant difficulty recognizing Japanese-accented English speech compared to native 
speech. 
Second, we investigated the recognition of keywords in Japanese-accented English 
speech using sentence-length stimuli. We chose to present sentences because access to higher 
level linguistic knowledge is more readily available in sentence-length stimuli and to make 
the task ecologically valid. Moreover, recognizing sentences is a longer task (than word 
recognition); therefore, it is more likely to show any problems with ageing of cognitive 
abilities and hearing loss (c.f., listening effort, Van Engen & Peelle, 2014). 
Third, the training paradigm employed in the current study included a pre-test, a 
training session with written feedback, and a post-test. The purpose of including a pre-test 
was to help establish the listeners’ difficulty in recognizing sentences spoken by a single 
talker with Japanese-accented English. This was immediately followed by a training session 
where the listeners revisited the auditory sentences presented in the pre-test. These sentences 
were presented one by one accompanied with immediate feedback which consisted of a 
written version of the sentence (as in Davis et al., 2005). We chose to present written 
feedback to ensure that the listeners have access to correct information on the content of the 
sentence in a visual form to facilitate perceptual learning as opposed to native speech which 
is transitory and less confirmative. Following the training session, the listeners immediately 
completed a post-test with new sentences (i.e., different sentences from the pre-test and 
training) spoken by the same talker as the pre-test, and a novel talker with Japanese-accented 
English. The purpose of the post-test was to examine the magnitude of improvement derived 




Fourth, Gordon-Salant et al. (2010a) have suggested that the effect of training on FAS 
recognition is likely due to the combination of several types of learning. One type is the 
perceptual learning of the FAS. That is learning how the foreign accent deviates from the 
typical variations encountered in native speech to achieve improvements in recognition. 
Another type of learning concerns getting better at the speech recognition task itself, that is, a 
task practice effect (Bradlow & Bent, 2008). To test the extent to which the effect of training 
occurred due to listeners simply getting better at the speech recognition task rather than 
learning about the FAS, the pre- and the post-test scores for the native English talker was also 
examined. Thus, any magnitude of improvement in speech recognition performance for the 
native English talker in the post-test would indicate a general practice effect. However, if the 
magnitude of improvement in speech recognition performance was significantly greater for 
the native Japanese talker than that for the native English talker, this would indicate that in 
addition to a general improvement on the speech recognition task there was an effect of 
training. That is, the listener improved their recognition of Japanese-accented English speech 




Twenty YA (7 males, Mage = 23 years, SD = 4.64) and twenty OA (9 males, Mage = 73 
years, SD = 6.60) participated in this study. All the participants were monolingual Australian-
English listeners. YA were recruited from Western Sydney University and were reimbursed 
with course credit; and OA from the Western Sydney local community and were financially 
reimbursed for their time. All participants were screened for familiarity with Japanese-




The participants hearing acuity was assessed and their mean hearing levels (dB) for 
the better ear at each tested frequency (i.e., 0.5, 1, 2, and 4 kHz) is shown in Figure 3.1. All 
the YA had normal hearing as defined by average pure-tone air and bone conduction 
thresholds (less than 25 dB hearing level from 0.5 to 4 kHz for the better ear (Bieber & 
Gordon-Salant, 2017)). The OA’s hearing acuity were more diverse (M = 27 dB, SD = 14.12) 
and ranged from normal hearing (i.e., ≤ 25 dB; n = 10) to mild hearing loss (i.e., > 25 dB and 
≤ 40 dB hearing level at one frequency; n = 10) with average pure-tone air and bone 
conduction thresholds less than 40 dB hearing level for the better ear (which is typical for 
age-related threshold patterns (Gordon-Salant et al., 2010a, 2010b)). 
Fig. 3.1. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of hearing levels (dB) for both YA and OA across 0.5, 1, 2, and 4 kilohertz. 
Violin plots represent the probability density of the data across the distribution. 
 
Participants also completed the Trail Making Test (TMT; Reitan, 1985) as a measure 
of executive function. The TMT contains two parts – A and B. In order to get a score for the 
TMT task, the scores of TMT A was subtracted from the TMT B scores (i.e., TMT B - TMT 
A) to provide a clearer index of executive function (Sánchez-Cubillo et al., 2009). 




overall and the poorer their executive function abilities. The mean TMT scores for both YA 
and OA is shown in Figure 3.2. 
Fig. 3.2. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of TMT scores (i.e., TMT B - TMT A) for both YA and OA. Violin plots 
represent the probability density of the data across the distribution. 
 
3.2.2 Talkers 
One native Australian-English (henceforth NE) talker (25 years old) and two native Japanese 
(henceforth NJ) talkers (30 & 34 years old) were selected for this experiment. All the three 
talkers were females. The NE talker was born and raised in Australia and the NJ talkers in 
Japan. The NJ talkers learned to speak English between 12 and 13 years of age. A pilot study 
assessing the perceived strength of foreign accent for these three talkers was conducted. In 
this study, participants were presented with 10 IEEE Harvard (1969) English sentences 
spoken by these three talkers and were asked to rate the strength of the foreign accent on a 
five-point scale (from 1: no foreign accent at all to 5: very strong foreign accent). This was 
done to ensure that the NE talker has no foreign accent and the NJ talkers have a pronounced 




a rating of 1) whilst the NJ talkers were perceived as having moderate and strong foreign 
accents (with ratings of 4 & 5). 
 
3.2.3 Stimuli  
The stimuli consisted of auditory recordings of 100 English sentences spoken by the three 
talkers (N = 3 x 100). These sentences were selected from IEEE Harvard list (1969) and are 
phonetically balanced and semantically unpredictable. Each sentence contains five key words 
(e.g., “The latch on the back gate needs a nail”), and scoring was based on the recognition of 
these keywords. 
The auditory recordings of all the talkers took place in a sound-attenuated room at the 
MARCS Institute, Western Sydney University. The sentences were presented one by one on a 
17” LCD computer monitor. The talkers were asked to read each sentence out loud in a 
neutral tone whilst audio was recorded. The microphone (AT 4033a Transformerless 
Capacitor Studio Microphone) was placed approximately 20 cm away from the talkers’ 
mouth. The audio recordings were then segmented into individual files for each sentence 
using Praat software (v 5.1.32, Boersma & Weenink, 2010). 
 
3.2.4 Design 
As mentioned earlier, this study employed a speech recognition task that consisted of a pre-
test, a training session with written feedback and a post-test. In the pre- and the post-tests, 
both native and foreign-accented speech was presented to be able to examine the effect of 
training on both cases.   
During the pre-test, 40 sentences (i.e., 2 sets of 20) were presented: 20 spoken by the 
NE talker first, then 20 by a NJ talker. No feedback was given or time limit applied. The 




After the auditory presentation of each sentence, a written transcription of the sentence was 
presented followed by another auditory presentation of the same sentence (similar to Davis et 
al., 2005). The follow up auditory presentation of the same sentence was to further enhance 
learning after the provision of the transcript. The post-test presented 60 new sentences (i.e., 
different sentences from the pre-test and training): 20 new sentences from the same NJ talker 
as in the pre-test (and the training session) first, 20 new sentences from a novel NJ talker 
second, and finally 20 new sentences from the NE talker (i.e., 3 sets of 20). In the post-test, 
no feedback was given or time limit imposed. Throughout the experiment, the 20 sentences 
within each set were presented in a pseudo-random order to reduce the influence of order 
effects.   
A training effect on speech recognition for the same talker can be measured by the 
difference in the pre- and the post-test scores. However, there may be problems in doing so 
when the talkers are not the same between the pre- and the post-test, that is, a case for 
measuring a training effect for the novel talker. Here, a talker effect can be a potential 
confounding variable, particularly the two NJ talkers differing in the strengths of their foreign 
accents (see above). Given this, two versions of the experiment were created, across which 
different NJ talkers were presented as a novel talker in the post-test. That is, in version one, 
talker NJ1 was presented in pre- and post-test whereas talker NJ2 only in the post-test as the 
novel talker; and in version two, vice versa. Participants were allocated to either version of 
the experiment so that from their point of view, a novel talker only appeared in the post-test. 
This manipulation allowed us to collate the data from the two versions and measure a training 
effect on speech recognition for a novel talker by the difference between the pre-test scores 
for talker NJ1 and NJ2 and the post-test scores for talker NJ2 and NJ1 when they were 






Participants were tested individually. First, their hearing acuity was assessed with a portable 
Interacoustics audiometer AD229e in a sound- attenuated room. Then they completed the 
Trail Making Test (Reitan, 1985) as a measure of executive function. Following this, the 
participants were presented with a speech recognition task where they were required to listen 
to the auditory stimuli, and then type in what they heard using a keyboard. The audio was 
presented through a Sennheiser HD-555 headset at 75 dB. Stimulus display and response 
collection was carried out using the DMDX software (Forster & Forster, 2003). 
The whole experiment (i.e., pre-test, training, and post-test) was self-paced with no 
time limit. The participants were given two short breaks, one at the end of the pre-test and the 
other one at the end of the training session. At the conclusion of the experiment, participants 
were debriefed as to the purpose of the study. The number of correct keywords recognized 
per sentence was calculated for data analysis using the same scoring criteria from the 
previous study (Chapter 2). 
 
3.3 Results  
3.3.1 Effects of training with a Native Japanese (NJ) talker in OA and YA 
Figure 3.3 shows the mean percent correct keywords recognized by the OA and YA in the 
overall pre-test and the post-test for the trained and novel NJ talkers. To examine the effects 
of training with a NJ talker and age, a mixed repeated-measures analysis of variance 
(ANOVA) in keyword recognition scores was conducted with age group (younger vs. older) 
and version (one vs. two) as the between-participants variables and training (pre-test vs. post-
test) as the within-participants variable. Overall, there was no difference between the 
versions. The main effect for training was significant, F(1,38) = 91.04, p < .00, ηp2 = .71. 




the pre-test (M = 57.4, SE = 1.7). The main effect for age group was significant, F(1,38) = 
15.17, p < .00, ηp2 = .29. YA had higher keyword recognition scores (M = 69.7, SE = 2.1) 
than OA (M = 57.9, SE = 2.1).  
The training by age group interaction was also significant, F(1,38) = 14.09, p < .00, 
ηp2 = .27 and was further analysed by examining the training effects separately for the OA 
and YA using a Bonferroni adjusted alpha of .025. The training effect for the OA was 
significant, F(1,19) = 75.86, p < .00, ηp2 = .80; OA had higher keyword recognition scores in 
the post-test (M = 66.8, SE = 2.5) than the pre-test (M = 49.0, SE = 2.6). The training effect 
for the YA was also significant, F(1,19) = 20.06, p < .00, ηp2 = .51; YA had higher keyword 
recognition scores in the post-test (M = 73.6, SE = 1.9) than the pre-test (M = 65.8, SE = 2.3). 
The magnitude of training effect (i.e., the difference in keyword recognition performance 
between the pre- and post-test) was higher for the OA (M = 17.8, SE = 2.0) than the YA (M = 
7.8, SE = 1.7). 
Given that the magnitude of training effect/improvement was higher for the OA than 
the YA, a post-hoc analysis was conducted to determine the nature of this benefit. More 
specifically, we wanted to determine whether the benefit gained from the training was 
mediated by age and/or the pre-test speech recognition scores. It could be the case that OA 
gained a greater benefit from training (than YA) because they were more motivated or are 
better learners. However, it could also be the case that they had gained a greater benefit 
because their pre-exposure baseline level of FAS recognition was relatively lower than YA; 
and therefore, they had more room for improvement. 
A multiple linear regression with magnitude of improvement as the dependent 
variable (criterion) and age group as well as the pre-test speech recognition scores as the 
covariates was conducted. Using the enter method, it was found that age group and the pre-




F(2,37) = 15.25, p < .001 with R2 = .45. Tables 3.3 displays the unstandardized and 
standardized regression coefficients for the regression performed. The analysis in Table 3.1 
shows that pre-test scores did significantly predict the magnitude of improvement. The results 
indicated that as the pre-test score decreased the magnitude of improvement increased. That 
is, those who had lower pre-test speech recognition scores had greater benefit from training 
overall. As for age group, it did not significantly predict the magnitude of improvement. This 
indicates that the benefit gained from the training is not mediated by age.  
 
Table 3.1  





B       Std. Error Beta 
95% CI for 
B  
 (Constant) 40.3     5.1   7.8 .0 [29.9, 50.7]  
Age group -3.6     3.0 -.2 -1.2 .2 [-9.6, 2.5]  
Pre-test score -.4     .1 -.5 -3.5 .0 [-.6, -.2]  
 
 
3.3.2 Generalization of training effects to a novel NJ talker 
In order to investigate whether the effects of training with a single NJ talker can be 
generalized to a novel NJ talker, a mixed repeated-measures ANOVA was conducted as 
above. There was no difference in keyword recognition scores between the versions. The 
main effect for training was significant, F(1,38) = 37.55, p < .00, ηp2 = .50. Participants had 
higher keyword recognition scores in the post-test (M = 67.9, SE = 1.6) than the pre-test (M = 
57.5, SE = 0.9). The main effect for age group was significant, F(1,38) = 40.06, p < .00, ηp2 
= .99. YA had higher keyword recognition scores (M = 68.9, SE = 1.4) than OA (M = 56.6, 




The training by age group interaction was also significant, F(1,38) = 7.55, p = .01, 
ηp2 = .17 and was further analysed as above. The training effect for the OA was significant, 
F(1,19) = 30.53, p < .00, ηp2 = .62; OA had higher keyword recognition scores in the post-
test (M = 64.1, SE = 2.9) than the pre-test (M = 49.0, SE = 0.7). The training effect for the YA 
was also significant, F(1,19) = 8.05, p = .01, ηp2 = .30; YA had higher keyword recognition 
scores in the post-test (M = 71.8, SE = 1.3) than the pre-test (M = 66.0, SE = 1.6). The 
magnitude of training effect was higher for the OA (M = 15.1, SE = 2.7) than the YA (M = 
5.8, SE = 2.0). 
Fig. 3.3. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of the percent correct keywords recognized by YA and OA in the overall pre-
test and the post-test for the trained and novel talker. Violin plots represent the probability 
density of the data across the distribution. 
 
3.3.3 Effects of training due to learning about the foreign accent or a task practice 
effect? 
Figure 3.4 shows the mean percent correct keywords recognized by the OA and YA in the 
pre- and post-test for the Native English (NE) talker. To test the extent to which the effect of 




(e.g., a task practice effect; Bradlow & Bent, 2008; Gordon-Salant et al., 2010a) rather than 
learning about the FAS, mean percent correct keywords recognized by the OA and YA in the 
pre- and post-test for the NE talker were also examined. A mixed repeated-measures 
ANOVA was conducted as above.  
Overall, the main effect for age group was not significant, F(1,38) = 3.10, p = .09, 
ηp2 = .08.  YA’s keyword recognition scores (M = 93.9, SE = 1.6) were not statistically 
different from OA (M = 89.9, SE = 1.6). However, the main effect for training was 
significant, F(1,38) = 9.52, p < .00, ηp2 = .20. Participants (i.e., both OA and YA) had higher 
keyword recognition scores in the post-test (M = 93.2, SE = 1.0) than the pre-test (M = 90.6, 
SE = 1.3). There was no significant interaction between training effects and age group, 
F(1,38) = 0.37, p = .55, ηp2 = .01. 
Given that the participants had an improvement in the recognition of the NE talker’s 
speech (in the post-test compared to the pre-test) indicates that the participants got better at 
the keyword recognition task due to practice. To establish whether the effect of training with 
a single NJ talker was simply due to getting better at the keyword recognition task or if it was 
due to learning about the FAS as well, the mean magnitude of the training effect (i.e., the 
difference in keyword recognition performance between the pre- and post-test) for the NE 
talker and for the NJ talker (that the participants were trained with) were compared for each 
of the age groups separately. For YA, the dependent t-test showed a significant difference, 
t(19) = 2.71, p = .01. The magnitude of training effect was higher for the NJ talker (M = 7.8, 
SE = 1.7) than the NE talker (M = 2.1, SE = 0.9). For the OA, the dependent t-test also 
showed a significant difference, t(19) = 5.66, p < .00, with the magnitude of training effect 





Fig. 3.4. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of the percent correct keywords recognized by YA and OA in the pre- and 
post-test for the Native English talker. Violin plots represent the probability density of the 
data across the distribution. 
 
3.3.4 Can hearing acuity and executive function abilities predict recognition of FAS in 
OA and YA? 
All the participants completed the TMT (Reitan, 1985) as a measure of executive function 
abilities and had their hearing acuity assessed. Performance on these measures was compared 
with the keyword recognition scores in the pre-test for the NJ talker. This was done to 
determine if the listeners’ ability to recognize FAS can be predicted by their executive 
function abilities and/or hearing acuity.  
A standard multiple regression was then performed to predict the keyword recognition 
scores (criterion) based on TMT score (i.e., TMT B - TMT A) and hearing acuity (based on 
average pure-tone air and bone conduction thresholds for the better ear) (predictor variables). 
This analysis was performed separately for each of the age groups. Tables 3.2 and 3.3 display 
the unstandardized and standardized regression coefficients for the regression performed for 




For OA, a significant regression was found, F(2,19) = 4.80, p = .02 with R2 = .36. The 
results indicated that only the TMT score predicted the keyword recognition scores. More 
specifically, OA’s keyword recognition scores decreased as their TMT score increased. That 
is, those who took a longer time to complete the TMT task overall had lower keyword 
recognition scores. As for YA, a non-significant regression was found, F(2,19) = 1.5, p = .26 
with R2 = .15. This indicates that for YA, neither the TMT score nor the hearing acuity 
predicted the keyword recognition scores. 
 
Table 3.2  





B       Std. Error Beta 
95% CI for 
B  
 (Constant) 78.1     10.0   7.8 .0 [57.0, 99.3]  
Hearing acuity -.5     .3 -.3 -1.7 .1 [-1.0, .1]  




Regression Results for YA with Keyword Recognition Scores as the Criterion 




B       Std. Error Beta 
95% CI for 
B  
 (Constant) 77.4     10.0  7.7 .0 [56.3, 98.6]  
Hearing acuity -.7     .5 -.4 -1.5 .2 [-1.7, .3]  








The current study investigated the effects of a short-term training (via exposure to FAS by a 
single talker) with orthographic feedback (in the form of a written version of the FAS 
sentence) on OA’s and YA’s recognition of FAS. It was expected that a robust perceptual 
learning would take place with provision of linguistic knowledge through feedback. If so, it 
was predicted that the training might generalize to novel talkers; and/or help reduce the 
difficulty that OA face in recognizing FAS relative to YA.  
The results showed that the pre-exposure baseline level of FAS recognition in OA 
was relatively lower than YA; and both OA and YA had higher speech recognition scores in 
the post-tests compared to the pre-tests, a similar outcome to previous studies (e.g., Bradlow 
& Bent, 2008; Gordon-Salant et al., 2010a). More importantly, confirming our prediction, the 
magnitude of improvement from the pre-test to the post-test was larger for the OA (17.8 %) 
than the YA (7.8 %). This result contrasts with previous ones that YA and OA generally 
show a similar magnitude of improvement when no feedback is given (e.g., Adank & Janse, 
2010; Gordon-Salant et al., 2010a).  
Results from a post-hoc analysis also revealed that the magnitude of improvement is 
determined by the participants’ pre-test scores and not their age. In other words, OA gained a 
greater benefit from the training simply because their pre-exposure baseline level of FAS 
recognition was relatively lower than YA. In this regard, it is expected that in the current 
study, the OA and YA who were matched in performance in the pre-test had similar 
performance in the post-test. It is also expected that the YA who also had relatively lower 
baseline scores than the rest of the participants would have also gained a greater benefit from 
training.  
The improvement in the post-test (as in other studies) suggests that through exposure 




FAS signal (relative to native speech) and used this knowledge in the recognition of FAS 
(Bradlow & Bent, 2008; Gordon-Salant et al., 2010a). The greater improvement in OA 
suggests that perceptual learning with feedback may have enabled better learning than 
without feedback because it explicitly directs OA to pay attention to the to-be-learned 
properties. That is, OA’s baseline performance was relatively poor, possibly indicating that 
they had extra difficulty in forming a clear initial representation of the input. Difficulties in 
deriving the input will cascade to inhibit learning new mappings to lexical representations. 
The provision of feedback (in the form of a written version of the FAS sentence) would assist 
both in forming a representation of the input and in the specification of the lexical target.    
The results also showed that learning with the current training method generalised to 
novel talkers, with both OA and YA showing a similar level of post-test speech recognition 
scores for both the novel talker and the talker that they were trained with. This suggests that 
the listeners were able to extract some systematic information about how FAS deviates from 
native speech (i.e., beyond idiosyncratic talker properties) and use this to recognise a novel 
talker’s FAS. This is a novel result, as previously, it has been reported that learning in a 
simple FAS exposure paradigm with a single talker did not generalise to the novel talker’s 
FAS (Bradlow & Bent, 2008).  
The current results suggest that perceptual learning with feedback prompts listeners to 
focus on task-relevant information, such as on systematic deviations of FAS from native 
speech. This may be because feedback provides listeners with access to higher level linguistic 
knowledge which explicitly and rapidly directs the listener to pay attention to information 
that is important for the task. This contrasts with learning from mere exposure to FAS, where 
it has been suggested that it takes a relatively long time to learn what is important and that 
listeners are typically unaware of what has been learnt (Kellman, 2002; Lehet et al., 2020). 




previous studies. These studies showed that the performance of YA for noise-vocoded speech 
(Davis et al., 2005) and FAS (Cooper & Bradlow, 2016) was significantly facilitated when 
they were provided with short-term training that included feedback compared to those that 
simply received exposure.  
Previous studies have shown that extensive exposure to the foreign accent can offer 
the means of achieving generalized perceptual learning, such as those provided by multiple 
exposure to a broad sampling of FAS materials from a single talker (Weil, 2001), or those 
provided by a short-term exposure to limited FAS materials by multiple talkers (Bradlow & 
Bent, 2008; Bieber & Gordon-Salant, 2017). The current results extend these previous 
findings by demonstrating that generalized perceptual learning can also be achieved through 
short-term exposure to limited FAS materials with feedback, that is, perceptual training, from 
a single talker.   
The current study also examined whether hearing acuity and executive functioning (as 
measured by TMT; Reitan, 1985) might influence OA’s recognition of FAS (in the pre-test). 
Hearing acuity (Gordon-Salant et al., 2010b) and executive function abilities (Adank & 
Janse, 2010) have been shown to have an influence on recognizing artificial and FAS. 
However, unlike Gordon-Salant et al. (2010b), we found that hearing acuity did not predict 
the level of OA’s (or YA’s) recognition of FAS. The difference may be because in their 
study, OA with normal hearing and mild-to-moderate hearing loss were recruited, whereas, in 
our study the OA had normal hearing to mild hearing loss. That is, it is likely that in Gordon-
Salant et al.’s study, high levels of hearing loss in OA may have had a much greater effect on 
the identification of speech sounds and thus recognition of FAS. Further, in the current study, 
the regression analysis (with keyword recognition scores as the criterion and hearing acuity 
as the predictor variable) was performed separately for each of the age groups. As a future 




scores rather than comparing group differences – this would be a better measure of the effects 
of hearing in this case using all the variance in recognition performance. 
Consistent with Adank and Janse (2010), we found that executive function abilities 
(as measured by TMT) predicted OA’s (and not YA’s) recognition of FAS. In particular, we 
found that OA with poor executive function abilities (i.e., those who took a longer time to 
complete the TMT task overall) had lower speech recognition scores. Our results can be 
taken to suggest that executive function abilities such as, cognitive flexibility, task switching, 
or selective attention may be involved in coping with the atypical variability inherent in FAS. 
For example, Adank and Janse (2010) suggest that in order to understand accented speech a 
listener might require cognitive flexibility to match the accented speech signal onto stored 
mental representations in native or unaccented form. Similarly, a listener might require 
selective attention to attend to informative features in the speech signal and discard irrelevant 
features, such as variations that arise from a foreign accent. On a side note, in the current 
study, performance on the TMT was compared with the FAS recognition scores in the pre-
test only and not the training improvement. This is because while it seems sensible to also 
investigate the relationship between the TMT and training improvement, such an analysis 
would be problematic due to the already established relationship between the TMT and the 
basic level of speech in noise recognition. 
In sum, the current study tested the effects of short-term training with feedback on 
OA’s and YA’s recognition of FAS. The results demonstrated the importance of feedback for 
effective and robust perceptual learning, that generalises to novel talkers. This learning 
paradigm is particularly useful for OA whose baseline performance in FAS recognition is 
low; this may be due to other age-related declines affecting speech perception in general. 
Further studies are needed to investigate whether the effects of this short-term training can be 




speech stimuli that incorporate features of real-life listening, such as FAS in noise. Future 
studies can also investigate the potential influences of other cognitive abilities such as 




















Chapter 4. Short-term Training with Feedback 
Leads to Long-term Effects on Older Adults’ 
Recognition of Foreign-accented Speech  
4.1 Introduction 
Studies have shown that it is harder to understand foreign-accented speech (FAS) than native 
speech (Bradlow & Bent, 2003; Clark & Garrett, 2004). It is also well known that older 
adults (OA) have greater speech recognition difficulties in general than younger adults (YA) 
(our previous study, Chapter 2; Pichora-Fuller, 2003). This might be due to age-related 
sensory, perceptual, and cognitive decline (Cristia et al., 2012). Nevertheless, our previous 
study (Chapter 3) showed that, like YA, OA have the capacity for perceptual learning and can 
use a short-term training with feedback (with a single foreign-accented talker) to improve 
their recognition of FAS. The effect of this training was observed in recognition of speech 
produced by the talker that they were trained with as well as a novel talker with the same 
foreign accent. Such a clear generalization effect was absent in the results of studies that 
examined the effect of a simple short-term exposure to a single talker’s FAS without 
feedback (e.g., Bradlow & Bent, 2008).  
Furthermore, the results of our previous study (Chapter 3) also showed that OA had 
gained a larger benefit from training with feedback than YA. That is, their FAS recognition 
improved more compared to YA for both the talker that they were trained with as well as the 
novel talker. This result is different from those of other previous studies which show that OA 
generally have a similar level of speech recognition improvement compared to YA after a 
simple short-term exposure to FAS without feedback (e.g., Adank & Janse, 2010; Gordon-




includes exposure to FAS along with feedback is better for effective and robust perceptual 
learning compared to one without it.  
Although the short-term training paradigm with feedback has been effective in 
inducing robust perceptual learning in OA, is it robust enough to induce long-lasting changes 
to OA’s perceptual system? Given that ageing is associated with memory problems 
(Salthouse et al., 1999; Park & Reuter-Lorenz, 2009), it is important to investigate how well 
this perceptual learning in OA is maintained. Therefore, the current study followed up the 
above findings from our previous study (Chapter 3) by examining whether such a short-term 
training with feedback can lead to long-term effects on OA’s recognition of FAS. 
A previous study by Bieber and Gordon-Salant (2017) showed that while both YA 
and OA were able to improve their recognition of speech produced in a novel foreign accent 
following exposure to multiple foreign accents, neither of the age groups maintained these 
effects when tested one-week post-exposure. Bieber and Gordon-Salant suggested that a 
perceptual learning paradigm which engages the listeners such as, providing training with 
feedback or linguistic knowledge, rather than providing simple exposure (which was the 
paradigm utilized in their study), might be more robust and effective in providing long-term 
effects.   
Indeed, other studies with YA that have utilized short-term perceptual learning 
paradigms where the listeners were able to utilize linguistic knowledge to guide learning have 
effectively demonstrated long-term effects. For example, Eisner and McQueen (2006) 
demonstrated that YA can use linguistic knowledge in a short-term perceptual learning 
paradigm to remap an artificially induced ambiguous speech sound in a word (such as an 
ambiguous sound between /f/ and /s/ instead of /f/ in the word ‘loaf’) onto relevant speech 
sound categories. Importantly, long-term effects were observed as perceptual learning of 




Another study (Witteman et al., 2015) extended these findings by demonstrating long-term 
effects in YA occurring from short-term perceptual learning of natural variations in speech. 
More specifically, they showed that learning on Hebrew-accented Dutch words remained 
stable in Dutch listeners after a delay of one day and even after one week. 
In our previous study (Chapter 3) OA and YA completed a short-term training with 
feedback via a single Japanese-accented English talker. They were given a pre-test, then an 
accent training with orthographic feedback (a written version of the FAS sentence), which 
was followed by a post-test. We measured the effect of training by comparing post-test to 
pre-test recognition scores and found that both OA and YA had an improvement in FAS 
recognition after the training. In the current study, we followed up these previous findings by 
investigating whether such a short-term FAS training with feedback can lead to long-term 
effects on OA’s recognition of FAS. Given the support from previous studies (e.g., Eisner & 
McQueen, 2006; Witteman et al., 2015) about the benefits of utilizing a perceptual training 
paradigm with feedback which engages the listeners and leads to long-term effects, it is 
expected that the OA from our previous study might be able to maintain perceptual learning.  
That is, it is predicted that OA’s FAS recognition performance in the follow-up post-test will 
be similar to the initial post-test (yet higher than the pre-test). However, it is also possible that 
age-related cognitive decline may make it difficult for OA to maintain long-term effects, 
especially after a short-term training. 
A methodological consideration in the current study involves the delay between the 
initial post-test and the follow-up post-test. Most studies (e.g., Eisner & McQueen, 2006; 
Witteman et al., 2015) have run the follow-up post-tests after a delay of one day and/or after 
one week. However, in the current study, we invited OA to participate in the follow-up post-
test four months after they had completed the initial post-test. We had two reasons for testing 




recognition that results from perceptual learning needs to be long lasting to be beneficial; 
therefore, conducting the follow-up post-test after such a long delay would help us establish 
how robust the short-term training with feedback employed in our study might be. Second, 
being able to maintain perceptual learning after such a long delay between the initial post-test 
and the follow-up post-test is a more difficult task than maintaining learning after a delay of 
one day or week and is therefore more likely to show any problems with ageing of cognitive 
abilities. 
A secondary question of interest in the current study was whether OA might benefit 
from additional training with feedback. This question also sparked our interest as an 
observation in our previous study (Chapter 3) was that while OA had gained a larger benefit 
than YA after the short-term training with feedback, their FAS recognition performance in 
the post-test was still lower than that of the YA. It is not clear whether the lower level of 
performance in OA indicates their maximal level of performance in FAS recognition or 
simply a maximal level of learning from a given training session. That is, is it the case that 
OA are unable to be as good as YA in recognizing FAS given their age-related problems or is 
it likely that they could be as good as YA given further training?  
A study by Peelle and Wingfield (2005) examined OA’s and YA’s ability to improve 
recognition of time-compressed speech after a simple exposure and found that while both OA 
and YA had a similar magnitude of improvement, OA (unlike YA) did not show any 
additional benefit past exposure to 20 sentences. It was suggested that age-related cognitive 
decline may play a role in the OA’s inability to continue learning with additional exposure. 
However, two key things to note here is that Peelle and Wingfield examined OA’s perceptual 
learning ability by employing a simple exposure paradigm and within a single session 




learn about the time-compressed speech. Further a single session without breaks may have 
also potentially fatigued OA, and therefore impacted their ability to continue learning.    
In the current study, OA were provided with additional FAS training with feedback 
after they had completed their four-month follow-up post-test and after break time. Providing 
OA with a training that includes feedback might provide them with more effective ways to 
learn FAS characteristics. More, a delay from the initial training session and a break after the 
four-month follow-up post-test is likely to remove any fatigue effects. Therefore, in the 
current study, it is expected that OA might be able to benefit from an additional FAS training. 
More specifically, it is predicted that OA will have higher FAS recognition performance in 
the post-test after the additional training than the follow-up post-test. This is likely to be the 
case regardless of whether OA are able to maintain perceptual learning after a four-month 
delay.  
If OA are able to maintain perceptual learning, then additional training is expected to 
improve their ability to recognize FAS further. Moreover, with regards to this, an interesting 
observation from the previous studies results (Chapter 3) is that OA’s average FAS 
recognition performance (67%) in the post-test (i.e., after the first training) was similar to 
YA’s performance (66%) in the pre-test (i.e., before the first training). Therefore, an 
expectation here is that if OA are able to maintain learning, and if they are also able to benefit 
from an additional training, then their performance in the post-test after the second training 
will be similar to YA’s performance in the post-test (i.e., around 74% on average, Chapter 3) 
after the first training. This is based on the idea that OA still have more room to improve in 
comparison to YA. On the other hand, if OA are unable to maintain perceptual learning, then 
additional training is expected to enable spontaneous recovery of perceptual learning. 









All the twenty OA from our previous study (Chapter 3) were invited to participate in this 
study. However, only thirteen OA (6 males, Mage = 72 years, SD = 6.63) returned to 
participate. All the participants were monolingual Australian-English listeners who were 




Two native Japanese (henceforth NJ) talkers (30 & 34 years old) were selected for this 
experiment. These were the same NJ talkers from our previous study (Chapter 3). Both the 
NJ talkers were females who were born and raised in Japan. The NJ talkers learned to speak 
English between 12 and 13 years of age and were perceived as having moderate to strong 
foreign accents. 
  
4.2.3 Stimuli  
The stimuli consisted of auditory recordings of 40 English sentences spoken by the two NJ 
talkers (N = 2 x 40). As per the previous study (Chapter 3), these sentences were selected 
from IEEE Harvard list (1969); however, the sentences chosen for this study were different. 







Similar to our previous study (Chapter 3), this study employed a speech recognition task that 
consisted of two post-tests. In the first post-test, speech from a NJ talker was presented to be 
able to examine maintenance of perceptual learning from the initial training and post-test 
with that same talker; and in the second post-test, speech from the same NJ talker was 
presented after an additional training session with feedback to examine whether OA can 
maximize their level of performance. 
To examine maintenance of perceptual learning, a post-test was conducted as a four-
month follow-up (hereafter, follow-up post-test) from the initial training and post-test 
(hereafter, initial post-test). Similar to our previous study (Chapter 3), during this follow-up 
post-test, 20 new/different sentences from the NJ talker were presented. The sentences were 
presented in a pseudo-random order to reduce the influence of order effects. No feedback was 
given or time limit applied.   
In order to examine whether OA can maximize their level of performance from an 
additional training session, participants completed a training session with feedback after the 
follow-up post-test. The training session presented the same set of 20 sentences from the NJ 
talker used in the follow-up post-test. In line with our previous study (Chapter 3), after the 
auditory presentation of each sentence, a written transcription of the sentence was presented 
followed by another auditory presentation of the same sentence. This additional training 
session was followed by another post-test (hereafter, additional post-test). The additional 
post-test also followed the same method as our previous study. That is, 20 new/different 
sentences were presented from the NJ talker in a pseudo-random order. No feedback was 
given or time limit imposed. 
It is important to note that the previous study (Chapter 3) had two versions of the 




were trained with NJ talker two. Therefore, the participants in this study were tested with the 
respective talkers that they were trained with in the previous study.  
 
4.2.5 Procedure 
In general, the same procedure as our previous study (Chapter 3) was followed. The 
participants completed the speech recognition task individually in a sound- attenuated room. 
In this task, they were required to listen to the auditory stimuli, and then type in what they 
heard using a keyboard. The audio was presented through a Sennheiser HD-555 headset at 75 
dB. Stimulus display and response collection was carried out using the DMDX software 
(Forster & Forster, 2003).  
The whole experiment was self-paced with no time limit. The participants were given 
two short breaks, one at the end of the follow-up post-test and the other one at the end of the 
additional training session. At the conclusion of the experiment, participants were debriefed 
as to the purpose of the study. The number of correct keywords recognized per sentence was 
calculated for data analysis using the same scoring criteria from the previous study (Chapter 
2). 
 
4.3 Results  
The aim of the current study was twofold. First, we wanted to examine maintenance of 
perceptual learning in OA in a follow-up post-test which conducted four months after the 
initial training and post-test with the Native Japanese (NJ) talker. Second, we wanted to 
examine whether OA can maximize their level of performance from an additional training 
session with the same talker. In order to examine these research questions, speech recognition 
scores by the OA for the NJ talkers were calculated based on the mean percent correct 




follow-up, and additional post-tests. Figure 4.1 shows the mean percent correct keywords 
recognized by OA in these four test conditions.  
Fig. 4.1. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of the percent correct keywords recognized by OA in the pre-test, initial, 
follow-up, and additional post-tests for the Native Japanese talker. Violin plots represent the 
probability density of the data across the distribution. 
 
To examine maintenance of perceptual learning and whether OA can maximize their 
level of performance from an additional training session, mean keyword recognition scores 
was compared across the four test conditions (pre-test, initial, follow-up, & additional post-
tests). A repeated-measures analysis of variance (ANOVA) with sphericity assumed showed 
that mean keyword recognition scores differed significantly between the test conditions, 
F(3,36) = 81.13, p < .00, ηp2 = .87. In order to determine which test conditions were different 
from which, planned pairwise comparisons were conducted with Sidak correction for 
multiple comparisons. The pairwise comparisons revealed that (1) keyword recognition 
scores in the initial post-test (M = 67.6, SE = 2.7) was significantly higher than the pre-test 
(M = 47.8, SE = 2.7); (2) there was no significant difference in keyword recognition scores 




keyword recognition scores in the additional post-test (M = 84.4, SE = 2.1) was significantly 
higher than the follow-up post-test. 
 
4.4 Discussion 
Our previous study (Chapter 3) showed that a short-term training with feedback helps OA 
significantly improve their recognition of FAS. The current study invited back OA four 
months after their participation in the previous study and examined their recognition of FAS 
using the same training paradigm. Our current research questions were whether this training 
can lead to long-term effects on OA’s recognition of FAS; and whether OA might benefit 
from an additional training (given that in our previous study their performance level after the 
training was still lower than YA). It was expected that a training paradigm which includes 
provision of linguistic knowledge through feedback would induce an effective and robust 
perceptual learning. If so, it was predicted that the training might lead to long-term effects; 
and that OA might benefit from an additional training. More specifically, we predicted that 
(1) OA’s FAS recognition performance in the follow-up post-test will be similar to the 
previous study’s post-test, and (2) OA will have higher FAS recognition performance in the 
post-test after the additional training than the pre-test (i.e., four-month follow-up post-test 
which was conducted before the additional training). It could however be the case that age-
related factors, such as cognitive decline may make it difficult for OA to maintain long-term 
effects and/or benefit from additional training.   
Consistent with our prediction, the results showed that OA’s FAS recognition 
performance in the follow-up post-test was similar to their performance in the previous 
study’s post-test (on average 65% vs 68%). Our findings are in line with those of previous 
studies which have shown that a perceptual training paradigm with feedback leads to long-




as well as FAS (Witteman et al., 2015). Additionally, our findings extend these prior findings 
by demonstrating that a training with feedback also leads to long-term effects on OA 
recognition of FAS. Further, our current finding contradicts with Bieber and Gordon-Salant’s 
(2017) study which showed that OA were unable to maintain long-term FAS perceptual 
learning effects one week after FAS exposure without feedback.  
Our finding that training with feedback leads to long-term effects (in comparison to 
the findings of previous studies) can be taken to suggest that exposure to FAS along with 
feedback is better for effective and robust perceptual learning compared to exposure without 
feedback. That is, provision of feedback facilitates better initial learning, and is therefore 
more likely to be maintained. For example, feedback directs them to pay attention to 
information that is important for the task. Indeed, several frameworks of perceptual learning 
(e.g., Goldstone, 1998; Ahissar & Hochstein, 2004; Dosher et al., 2010) suggest that attention 
is an important component of learning and memory; and that the level of attention one pays to 
task-relevant information influences how well the information is learnt as well as how well it 
is maintained in memory. Moreover, our finding that long-term perceptual learning effects 
were maintained in OA despite age-related memory problems suggests that when the initial 
learning of information takes place effectively in OA, then it can be maintained. Indeed, this 
suggestion agrees with previous findings (e.g., Perfect et al.,1995; Friedman et al., 2007) that 
OA’s problems with memory performance is likely due to inadequate initial learning. 
As predicted, the results also showed that OA’s FAS recognition performance in the 
post-test after the additional training was significantly higher than the pre-test (on average 
84% vs 65%). Based on these results we suggest that the relatively low level of post-test 
performance in OA compared to YA in the previous study (Chapter 3) was their maximal 
level of learning from a given training session; and that with further training they are able to 




might improve OA’s FAS recognition performance at a similar level to YA’s post-test ones in 
the previous study (i.e., approximately 74% on average, Chapter 3). However, as mentioned 
above, our results showed that OA’s performance in the post-test after the additional training 
was noticeably higher than YA’s ones. It is likely that task familiarity may have enabled OA 
to gain more benefits. This can be taken to suggest that an additional FAS training can help 
OA be as good as, if not better than, YA in recognizing FAS.  
The current finding that OA are able to continue FAS perceptual learning with further 
training contradicts with those of Peelle and Wingfield (2005) who showed that OA were 
unable to continue perceptual learning of time-compressed speech with further exposure. This 
contrast could be due to differences between studies. For example, Peelle and Wingfield used 
a simple exposure paradigm, and did not include a break between the learning sessions. The 
simple exposure paradigm employed by Peelle and Wingfield may have limited OA’s 
perceptual learning whereas the training with feedback paradigm in the current study 
provides OA with more effective ways to learn. Moreover, as Peelle and Wingfield 
suggested, it is likely that OA’s lack of ability to continue learning might be because of age-
related factors such as fatigue. Therefore, it can be suggested that providing OA with a break 
between the learning sessions in the current study may have also facilitated perceptual 
learning by removing any potential fatigue effects. 
In sum, the results of the current study show that a robust FAS perceptual learning 
paradigm, that is, a training with orthographic feedback helps OA improve recognition of 
FAS and also leads to long-term effects. These results can be taken to suggest that OA’s 
problems with memory performance is likely due to inadequate initial learning; and that 
memory performance can be improved when the initial learning of information takes place 
effectively. The current results also suggest that multiple training sessions with breaks is 




examine whether such a FAS training with feedback can lead to long-term effects in OA who 
are more cognitively challenged, such as those who live in aged-care homes and require daily 
assistance. It is likely that the OA in aged-care homes (compared to the cognitively robust 
OA employed in the current study) might not be able to maintain long-term effects due to 
severe age-related declines in sensory, perceptual and cognitive abilities. Future studies could 















Chapter 5. Short-term Training Effects on Older 
Adults’ Recognition of Foreign-accented Speech in 
Noise  
5.1 Introduction 
Listeners are better at recognizing speech in noise when it is spoken by a native talker 
compared to a talker with a foreign accent (our previous study, Chapter 2; Lane, 1963). For 
example, our previous study tested monolingual Australian-English younger adults (YA) and 
older adults (OA) in a speech recognition in noise task spoken by a native Australian-English 
talker and by nine talkers that had different first language backgrounds (i.e., each potentially 
had different foreign accents). We found that both YA and OA correctly recognized more 
words from the native talker than from any of the foreign accented talkers (i.e., foreign-
accented speech, FAS). The level of speech recognition performance, particularly for OA, 
was rather low, suggesting that the adverse effects of noise on speech recognition (CHABA, 
1988) may have combined with difficulty in recognising FAS (Gordon-Salant, et al., 2010b). 
It is likely that listeners are good at recognizing native speech in noise because they 
have a detailed implicit knowledge about the segmental (e.g., consonants and vowels) and 
suprasegmental (e.g., stress and timing) characteristics of native speech which has been built 
up. Indeed, consistent with this suggestion that knowledge of native speech characteristics 
helps listeners understand native speech in noise, previous studies have shown that distortion 
of temporal (Aubanel et al., 2016), or spectral (Baer & Moore, 1993) aspects of speech 
characteristics significantly reduces listener’s ability to recognize speech in noise.  
Recognizing FAS in noise can be challenging because it deviates from the 




Gut, 2012). For example, a foreign-accented talker might change the duration or intensity of 
certain consonant and vowels (Flege & Eefting, 1988; Fox et al., 1995) or even change the 
stress of syllables (Adams & Munro, 1978) so that the characteristics of FAS go beyond the 
norms established for native speech. Indeed, previous studies that have imposed FAS 
suprasegmental characteristics to native speech segments have shown that listeners ability to 
recognize the distorted native speech in noise is significantly reduced compared to the 
undistorted ones (Pinet & Iverson, 2010). Conversely, imposing native speech 
suprasegmental characteristics to FAS segments (to make it sound more native-like) has been 
shown to significantly improve listener’s ability to recognize FAS in noise (Tajima et al., 
1997).  
Given the above, it could be predicted that learning about the characteristics of FAS 
should help listeners better understand FAS in noise. The current study followed up this idea. 
The specific interest was to determine whether short-term FAS learning can improve 
recognition of FAS in noise. As OA’s level of FAS recognition in noise has been shown to be 
particularly low (our previous study, Chapter 2), finding that short-term learning can assist 
the recognition of FAS in noise would have a considerable practical value.  
To test for a short-term learning effect on FAS recognition in noise, the current study 
used the short-term training paradigm from our previous studies (Chapters 3 and 4). The 
short-term training consisted of hearing FAS by a single talker in quiet and a written 
transcript of the speech. Our previous studies showed that the training improved both YA’s 
and OA’s recognition of FAS by the same and by a novel talker with the same foreign accent 
(Chapter 3); and can be maintained long-term in OA (Chapter 4). This suggests that both YA 
and OA can learn about FAS characteristics from training. Therefore, it is predicted that after 
training, OA (as well as YA) would have higher speech recognition in noise performance in 






Twenty YA (9 males, Mage = 21 years, SD = 4.04) and twenty OA (10 males, Mage = 71 
years, SD = 5.68) participated in this study. All the participants were monolingual Australian-
English listeners. YA were recruited from Western Sydney University and were reimbursed 
with course credit; and OA from the Western Sydney local community and were financially 
reimbursed for their time. All participants were screened for familiarity with Japanese-
accented English and none reported any familiarity. 
The mean hearing levels (dB) for both YA and OA (for the better ear) at each tested 
frequency (i.e., 0.5, 1, 2, and 4 kHz) is shown in Figure 5.1. All the YA had normal hearing 
as defined by average pure-tone air and bone conduction thresholds (less than 25 dB hearing 
level from 0.5 to 4 kHz for the better ear (Bieber & Gordon-Salant, 2017)). The OA’s hearing 
acuity were more diverse (M = 25 dB, SD = 3.63) and ranged from normal hearing (i.e., ≤ 25 
dB; n = 11) to mild hearing loss (i.e., > 25 dB and ≤ 40 dB hearing level at one frequency; n 
= 9) with average pure-tone air and bone conduction thresholds less than 32 dB hearing level 






Fig. 5.1. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of hearing levels (dB) for both YA and OA across 0.5, 1, 2, and 4 kilohertz. 
Violin plots represent the probability density of the data across the distribution. 
 
5.2.2 Talkers 
One native Australian-English (henceforth NE) talker (25 years old) and two native Japanese 
(henceforth NJ) talkers (30 & 34 years old) were selected for this experiment. These were the 
same female talkers from our previous study (Chapter 3). The NE talker was born and raised 
in Australia. Both the NJ talkers were born and raised in Japan and were perceived as having 
moderate to strong foreign accents. 
 
5.2.3 Stimuli  
The stimuli consisted of auditory recordings of 100 English sentences spoken by the three 
talkers (N = 3 x 100). As per the previous study (Chapter 3), these sentences were selected 
from IEEE Harvard list (1969). The auditory recordings of all the talkers took place in a 
sound-attenuated room at the MARCS Institute, Western Sydney University. The sentences 
were presented one by one on a 17” LCD computer monitor. The talkers were asked to read 




4033a Transformerless Capacitor Studio Microphone) was placed approximately 20 cm away 
from the talkers’ mouth. The audio recordings were then segmented into individual files for 
each sentence using Praat software (v 5.1.32, Boersma & Weenink, 2010). 
Then, each talker’s segmented auditory recordings was combined with noise created 
by computing the long-term average spectrum of all recorded utterances of that talker, that is, 
tailored speech shaped noise (SSN). Tailored SSN ensures that the speech and noise for each 
of the talkers has similar spectral properties. This was used to control for possible speech 
recognition differences across talkers that might have occurred if the same noise was to be 
used for all the talkers. SSN was created using Praat software (v 5.1.32, Boersma & Weenink, 
2010). 
The segmented auditory recordings and noise was then combined using a tailored 
Matlab script (MATLAB R2013a). The signal-to-noise ratio (SNR) for the YA and OA was 
determined through pilot testing. The SNR at which the participants could achieve close to 50 
percent speech recognition accuracy was selected in order to avoid ceiling and floor effects. 
For the YA, stimuli from the NE talker were presented at -3 SNR whereas for the OA, it was 
presented at -1 SNR. Both the YA and OA were presented with stimuli from the NJ talkers at 
-1 SNR.  
 
5.2.4 Design  
In line with the design of the previous study (Chapter 3), this study employed a speech in 
noise recognition task that consisted of a pre-test, a training session with orthographic 
feedback and a post-test. During the pre-test, 40 sentences (i.e., 2 sets of 20) were presented 
in noise: 20 spoken by the NE talker6 first, then 20 by a NJ talker. No feedback was given or 
time limit applied. The training session presented the same set of 20 sentences from the NJ 
                                                          
6 Our previous study (Chapter 3) showed that both OA and YA got better at the speech recognition task for the 
Native English talker presumably as a result of general practice effect. Therefore, the current study also tested 




talker used in the pre-test; however, they were presented without noise. As mentioned earlier, 
noise was excluded in the training session to allow learning to take place without any added 
distortion. After the auditory presentation of each sentence, a written transcription of the 
sentence was presented followed by another auditory presentation of the same sentence. The 
post-test presented 60 new sentences (i.e., different sentences from the pre-test and training) 
in noise: 20 new sentences from the same NJ talker as in the pre-test (and the training 
session) first, 20 new sentences from a novel NJ talker second, and finally 20 new sentences 
from the NE talker (i.e., 3 sets of 20). In the post-test, no feedback was given or time limit 
imposed. Throughout the experiment, the 20 sentences within each set were presented in a 
pseudo-random order to reduce the influence of order effects. As per the previous study 
(Chapter 3), two versions of the experiment were created. This was done to allow us to 
measure the training effect on speech recognition in noise for the novel talker without 
exposing the novel talker before the training session. 
 
5.2.5 Procedure 
The same procedure as the previous study (Chapter 3) was followed. The participants were 
tested individually in a sound-attenuated room. First, their hearing acuity was assessed with a 
portable Interacoustics audiometer AD229e. Then they completed the speech in noise 
recognition task where they were required to listen to the auditory stimuli, and then type in 
what they heard using a keyboard. The audio was presented through a Sennheiser HD-555 
headset at 75 dB. Stimulus display and response collection was carried out using the DMDX 
software (Forster & Forster, 2003).  
As mentioned earlier, the experiment consisted of three parts; a pre-test, a training 
session with orthographic feedback and a post-test. The whole experiment was self-paced 




and the other one at the end of the training session. At the conclusion of the experiment, 
participants were debriefed as to the purpose of the study. For data analysis, we calculated the 
speech in noise recognition scores for the NJ and NE talkers based on the mean percent 
correct keywords recognized per sentence using the same scoring criteria from the previous 
study (Chapter 2). 
 
5.3 Results  
5.3.1 Effects of training with a Native Japanese (NJ) talker in OA and YA 
Figure 5.2 shows the mean percent correct keywords recognized by the OA and YA in the 
overall pre-test and the post-test for the trained and novel NJ talkers. To examine the effects 
of training with a NJ talker and age, a mixed repeated-measures analysis of variance 
(ANOVA) in keyword recognition scores was conducted with age group (younger vs. older) 
and version (one vs. two) as the between-participants variables and training (pre-test vs. post-
test) as the within-participants variable. Overall, there was no difference between the 
versions. The main effect for training was not significant, F(1,38) = 1.74, p = .20, ηp2  = .04. 
That is, there was no significant difference in keyword recognition scores between the post-
test (M = 39.4, SE = 1.6) and the pre-test scores (M = 37.6, SE = 1.6). The main effect for age 
group was significant, F(1,38) = 24.77, p < .00, ηp2 = .40. YA had higher keyword 
recognition scores (M = 45.7, SE = 2.1) than OA (M = 31.3, SE = 2.1). The training by age 
group interaction was not significant, F(1,38) = 1.85, p = .18, ηp2 = .05. 
 
5.3.2 Generalization of training effects to a novel NJ talker 
As planned, the effects of training in recognizing keywords from the novel NJ talker were 
examined by conducting a mixed repeated-measures ANOVA as above. There was no 




was not significant, F(1,38) = .64, p = .43, ηp2 = .02, with the recognition scores of the novel 
NJ talker’ speech (M = 36.1, SE = 1.7) similar to the pre-test scores of the trained NJ talker’s 
speech (M = 37.5, SE = 0.7). The main effect for age group was significant, F(1,38) = 50.70, 
p < .00, ηp2 = .57. YA had higher keyword recognition scores (M = 43.5, SE = 1.3) than OA 
(M = 30.1, SE = 1.3). The training by age group interaction was not significant, F(1,38) = 
2.31, p = .14, ηp2 = .06. 
Fig. 5.2. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of the percent correct keywords recognized by YA and OA in the overall pre-
test and the post-test for the trained and novel talker. Violin plots represent the probability 
density of the data across the distribution. 
 
5.3.3 Evidence of task practice effects 
Figure 5.3 shows the mean percent correct keywords recognized by the OA and YA in the 
pre- and post-test for the Native English (NE) talker. A mixed repeated-measures ANOVA 
was conducted as above to examine whether the participants improved their performance for 
the NE talker as a result of practicing the task. Overall, the main effect for age group was 
significant, F(1,38) = 16.92, p < .00, ηp2 = .31. YA had higher keyword recognition scores 




significant, F(1,38) = 11.97, p < .00, ηp2 = .24, but the effect was negative as participants 
(i.e., both OA and YA) had lower keyword recognition scores in the post-test (M = 50.1, SE = 
2.2) than the pre-test (M = 55.5, SE = 2.2). There was no significant interaction between 
training effects and age group, F(1,38) = 0.75, p = .39, η2 = .03.     
 Fig. 5.3. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of the percent correct keywords recognized by YA and OA in the pre- and 
post-test for the Native English talker. Violin plots represent the probability density of the 
data across the distribution. 
 
5.4 Follow-up experiment  
The results above show that there was no significant difference in speech recognition in noise 
performance between the post-test and the pre-test. This finding is unexpected and suggests 
that the learning from training (assumed to have occurred based on the results of our previous 
study, Chapter 3) was not useful for speech recognition in noise. Note given that neither OA 
nor YA improved their recognition of FAS in noise after training, OA’s inability to improve 
recognition of FAS in noise cannot be attributed to age-related sensory, perceptual, and/or 




One possibility for why there was no training effect in the current experiment is 
because of a mismatch between the learning and the test conditions. That is, in the current 
experiment listeners learned about intact FAS (i.e., without noise) but they were tested with 
FAS that is degraded due to noise. Such mismatch in learning and test conditions may have 
meant that what was learned was not applied to what was tested. Indeed, studies (e.g., 
Blaxton, 1989; Grant et al., 1998) have shown that people often do not show evidence of 
learning when there is a mismatch between the learning and test contexts. If this were the 
case, it could be predicted that training with FAS in noise would improve their recognition of 
FAS in noise.   
Alternatively, it might be that listening to FAS in noise simply was too effortful and 
so listeners were unable to take advantage of any learning. That is, it is likely that as the 
quality of the speech signal becomes poorer due to factors such as the presence of a foreign 
accent and/or background noise, more effortful top-down cognitive resources are required for 
the listening (see Framework for Understanding Effortful Listening, Pichora-Fuller et al., 
2016). This effortful listening might have prevented listeners from utilizing what they have 
learned about FAS from the training session. If this were the case, then it could be predicted 
that even if listeners were trained with FAS in noise, this training would not improve their 
recognition of FAS in noise.  
To test the above hypotheses, a follow-up experiment was conducted. Since our main 
interest is in OA’s problems recognizing FAS in noise, we invited the same OA participants 
from experiment above to participate7. The follow-up experiment was basically the same as 
the one above except that listeners were presented FAS in noise in the training session; and 
for simplicity, speech by a novel talker was not included in the test session.  
                                                          
7 The OA in the follow-up experiment were invited eight months after they had participated in experiment one. 




Only 12 out of 20 OA (6 males, Mage = 70 years, SD = 5.83) returned to participate. 
Figure 5.4 shows the mean percent correct keywords recognized by the 12 OA in the pre- and 
post-test in the follow-up experiment8 (with the ‘in quiet’ results from experiment one for 
these 12 OA shown on the left for comparison). To this end, a repeated-measures analysis of 
variance (ANOVA) was conducted with training (pre- vs. post-test) and condition (quiet vs. 
noise) as two within-participants variables. The main effect for training was significant, 
F(1,22) = 13.73, p < .00, ηp2  = .39, as was the main effect for condition, F(1,22) = 10.59, p 
< .00, ηp2  = .33. OA had higher keyword recognition scores in the post-test (M = 40.1, SE = 
2.3) than the pre-test (M = 32.4, SE = 2.0). They also had higher keyword recognition scores 
in the noise condition (M = 42.3, SE = 2.6) than the quiet condition (M = 30.3, SE = 2.6).  
The training by condition interaction was also significant, F(1,22) = 6.24, p = .02, ηp2 
= .22 and was further analysed by examining the training effects separately for the quiet and 
noise condition using a Bonferroni adjusted alpha of .025. The training effect for the quiet 
condition was not significant, F(1,11) = 1.08, p = .32, ηp2 = .09. That is, there was no 
significant difference in keyword recognition scores between the post-test (M = 31.5, SE = 
2.8) and the pre-test scores (M = 29.0, SE = 3.5) when the OA were given the FAS training in 
quiet. However, the training effect for the noise condition was significant, F(1,11) = 14.54, p 
< .00, ηp2 = .57. Results showed that OA had higher keyword recognition scores in the post-
test (M = 48.7, SE = 3.6) than the pre-test (M = 35.8, SE = 1.7) when they were given the 
FAS training in noise.  
 
                                                          
8 For the OA that participated in the follow-up experiment, planned pairwise comparisons (with Sidak correction 
for multiple comparisons) revealed that there was no significant difference in keyword recognition scores 






Fig. 5.4. The box plots represent the mean (dotted line), median (solid line) and interquartile 
range (Q3-Q1) of the percent correct keywords recognized by OA in the pre- and post-tests 
for training in quiet and in noise. Violin plots represent the probability density of the data 
across the distribution.  
 
5.5 Discussion 
The follow-up experiment investigated whether training in noise (in comparison to training in 
quiet) would improve OA’s recognition of FAS in noise. Unlike the outcome of the first 
experiment, the results showed that OA had higher speech recognition in noise scores in the 
post-test compared to the pre-test. That is, the results showed that OA had an improvement of 
13% on average in the post- compared to the pre-test. These results are similar to those of our 
previous study (Chapter 3) and suggest that OA learned about FAS characteristics from short-
term training and used this knowledge to improve recognition.  
The results suggested that the lack of training effect in the first experiment is likely 
due to a mismatch between the learning and test contexts rather than the task being too 
effortful for the listeners. More importantly, these results demonstrated that for listeners to be 




important. An implication of the results is that listeners are better at recognizing native 
speech compared to FAS in noise because they have been exposed to native speech in noise 
and acquired knowledge about speech characteristics in noise over time. 
The current finding of a significant training effect can be explained by the 
straightforward proposal that training in noise prompted listeners to learn the important 
characteristics of FAS (cues) that are relevant to speech understanding in noise. It must also 
be assumed that these cues would not have been prominent or attended to when training 
occurred in quiet (explaining why there was no training effect in this case).  
In what follows, the above proposal is considered in more detail. For the current 
sentence-length stimuli, listeners have both segmental and suprasegmental speech cues 
available; and utilizing these cues has been shown to aid speech recognition when the speech 
signal is degraded in noise (Baer & Moore, 1993; Aubanel et al., 2016). So, what is learned 
from training where FAS is presented in noise and a transcription is given as feedback? The 
simplest account would be a segmental (from the transcript) and suprasegmental one (from 
exposure to speech in noise). That is, through feedback and listening to speech in noise, the 
listeners learned what the segments sound like in noise and this knowledge helped the 
subsequent recognition of new tokens of FAS in noise in the testing session.  
Having outlined why training with FAS in noise helps FAS recognition in noise, it is 
also important to consider why such training with FAS in quiet did not produce a recognition 
benefit. The argument from the segmental account would simply be that although exposure to 
FAS and the transcription in quiet helps people learn the mapping between foreign accented 
segments and English ones (Chapter 3), this is not relevant to learning the mapping between 
foreign accented segments presented in noise and the English ones. As such, listeners were 
unable to effectively match and utilize their learning about the clear segmental speech cues to 




An alternative (and not necessarily exclusive) interpretation for why the listeners were 
unable to improve their recognition of FAS in noise when trained in quiet is that when there 
is a change in the context (from clear speech to speech in noise) what has been learned from 
short-term training (in the current case with a single talker) was not robust enough (or 
accessed quickly enough) to help. In other words, a short-term training may have limited the 
listener’s ability to effectively apply what has been learned to a new context. If this is the 
case, then it is likely that robust learning from long-term training may be required for 
listeners to be able to recognize FAS in different contexts. If so, it might be that listeners are 
good at recognizing native speech in noise because they have knowledge about native speech 
characteristics which has been built up over a long time.  
Overall, while recognizing speech in noise is challenging particularly when it is 
spoken by a talker with a foreign accent, the current study showed that listeners can improve 
their recognition of FAS in noise after learning about FAS characteristics from short-term 
training. However, the results of the current study also showed that short-term training can 
improve recognition of FAS in noise only when it occurs in noise and not in quiet. Moreover, 
our finding that OA can improve their recognition of FAS in noise through training, despite 
age-related sensory, perceptual, and/or cognitive decline, demonstrates the effectiveness of 
this training paradigm.  
Further study is needed to examine whether the effects of this FAS training in noise 
can be maintained over a long-term period (e.g., after 4 months; see Chapter 3) and/or 
generalised to other talkers (see Chapter 2). It would also be valuable to examine whether 
FAS training in noise can help listeners improve recognition of FAS in quiet. Moreover, 
testing the effects of the training on recognizing FAS in different noise types, such as, multi-
talker babble in future studies is theoretically and practically important. Lastly, although 




and training condition, given that hearing differences (e.g., in pure tone sensitivity) between 
OA and YA are common, it will be beneficial for future studies to test the effect of training in 



















Chapter 6. General Discussion 
6.1 Thesis overview 
The thesis examined the effects of short-term perceptual training with written/orthographic 
feedback on foreign-accented speech recognition in older and younger adults. The aim of this 
thesis was twofold: to determine the extent and robustness of this training paradigm as a 
method to facilitate effective spoken communication for older adults; and to test older adults’ 
ability to perceive and learn about foreign-accented speech. To achieve this aim, four 
experimental studies (presented in Chapters 2 to 5) were conducted which focused on the 
following core research questions: (1) whether older adults have greater difficulty 
recognizing foreign-accented speech than younger adults; (2) whether the effects of such 
short-term training would help reduce the difficulty that older adults face in recognizing 
foreign-accented speech relative to younger adults; and also whether it generalizes to novel 
talkers; (3) whether this short-term training with feedback would lead to long-term effects on 
older adults’ recognition of foreign-accented speech; and (4) whether the effects of the short-
term training would improve older adults’ recognition of foreign-accented speech in noise. 
 The results showed that although older adults overall had worse speech recognition in 
noise performance than younger adults, they did not have greater difficulty recognizing 
foreign-accented speech than younger adults. Executive function abilities predicted older 
adults’ recognition of foreign-accented speech but hearing acuity did not. The results also 
showed that older adults were able to learn about foreign-accented speech via training to 
improve recognition, and they gained a larger benefit than younger adults. Both younger and 
older adults were also able to generalize learning to a novel talker. Older adults were able to 
maintain perceptual learning four months after training, and also derive a benefit from 
additional training. The results also showed that older adults were able to improve 




given in quiet. Below, these research findings will be discussed in terms of effects of 
orthographic feedback and older adults as perceivers and learners. 
 
6.1.1 Effects of orthographic feedback 
Previous studies have shown that short-term training with lexical/linguistic feedback results 
in robust perceptual learning of distorted speech compared to simple short-term exposure 
(Norris et al., 2003; Davis et al., 2005; Cooper & Bradlow, 2016; Lehet et al., 2020). The 
results of this thesis have demonstrated that providing a written transcript of heard speech is 
also an effective training method for robust perceptual learning of foreign-accented speech in 
older as well as younger adults.  
The finding that orthographic feedback facilitates robust and effective perceptual 
learning fits well with the RHT (Ahissar & Hochstein, 2004; Ahissar et al., 2009) that 
perceptual learning is guided by a top-down process. That is, access to lexical/linguistic 
information (in the current case through feedback) guides how the mapping of the variable 
acoustic signal to linguistic representations can be re-adjusted — the mechanism for 
instantiating this could be associative learning (e.g., connectionist models like TRACE, 
McClelland & Elman, 1986) or Bayesian learning (Kleinschmidt & Jaeger, 2015); however, 
which of these approaches is better is beyond the scope of the current thesis. Further, the 
provision of feedback means that listeners are guided for explicit, accurate, and faster access 
to higher level lexical representations; thereby facilitating perceptual learning by minimizing 
prediction errors and cognitive effort (Davis et al., 2005; Sohoglu & Davis, 2016; Lehet et al., 
2020). Without such feedback, listeners’ learning relies on self-generated feedback based on 





 Access to higher level lexical representations through feedback is particularly helpful 
for older adults in guiding how they map variable lower level acoustic inputs to conceptual 
representations. A suggestion here is that orthographic feedback helps older adults 
compensate for their encoding/processing difficulties due to age-related sensory, perceptual, 
and cognitive challenges by providing them with a clear initial representation of the input 
(Manheim et al., 2018). A written transcript of the heard sentence enables listeners to 
efficiently achieve lexical access. Once lexical access has been achieved, the perceptual 
system can use this knowledge to learn the relationship between perceptual variation and 
conceptual constancy, thereby facilitating perceptual learning. In simple terms, a transcript 
directly enables the listeners to notice any discrepancies between what they had heard (i.e., 
accented speech) and what they predicted (based on mappings learned from native speech) 
and then to adjust these mappings to facilitate speech recognition (Cooper & Bradlow, 2016). 
Providing older adults with written feedback minimises ambiguities in mapping perceptual 
analyses and so, in effect, enables them to learn at similar levels to younger adults. Moreover, 
given that older adults have lower baseline level of speech recognition than younger adults, 
they are able to gain a greater relative benefit from orthographic feedback as they have more 
room for improvement (Chapter 3).  
The current results (Chapter 3) demonstrated that orthographic feedback also helped 
both older and younger adults generalize learning to a novel talker with the same foreign 
accent as the single talker that they were trained with. It is likely that orthographic feedback 
is more effective than simple exposure because it explicitly directs the listeners to pay 
attention to the to-be-learned properties (Lehet et al., 2020). That is, such explicit feedback 
allows the listeners to become familiar with the common variations present in a specific 




exhibits the same regularities as the talker that they were trained with, they can use previous 
knowledge about expected variations to facilitate speech recognition. 
 The results clearly demonstrate that a perceptual learning paradigm that consists of 
orthographic feedback is effective in facilitating long-term effects. As suggested above, 
orthographic feedback guides perceptual learning by enabling listeners to directly pay 
attention to the to-be-learned properties. Such direct engagement on the listener’s part (in 
comparison to passive simple exposure paradigms) is more likely to facilitate solid initial 
learning, and is therefore less likely to decay over time (Ahissar & Hochstein, 2004; Dosher 
et al., 2010; Bieber & Gordon-Salant, 2017).    
 
6.1.2 Older adults as perceivers and learners 
Overall older adults’ speech recognition in noise performance was worse than younger adults; 
however, it was also evident that older adults did not have greater difficulty recognizing 
foreign-accented speech than younger adults (see Chapter 2 where the setup was designed to 
reduce any input from perceptual learning due to exposure to an accent). In general, older 
adults’ speech perception difficulties are likely to be exacerbated due to age-related 
sensorineural hearing loss (Dai et al., 2018), and declines in cognitive function (Salthouse et 
al., 1999; Park & Reuter-Lorenz, 2009). The result that a foreign accent does not 
differentially impair older adults’ speech recognition suggests that the perceptual difficulty 
that a foreign accent presents to recognizing speech may be different from that of other 
difficult listening conditions, such as when speech is in noise (where older adults do much 
worse; CHABA, 1988). That is, it may be that the perceptual difficulty that arises from 
foreign-accented speech is less affected by bottom-up data limitations and more by problems 
in matching bottom-up data to categories (Ferguson et al., 2010). Here, it is worth pointing 




adults’ recognition of foreign-accented speech (c.f., Gordon-Salant et al., 2010b); but 
executive function abilities did (as in Adank & Janse, 2010). These results suggest that 
listening to foreign-accented speech is cognitively demanding for older adults (see also Van 
Engen & Peelle, 2014).  
The results demonstrated that when given short-term training in noise, older adults 
can improve their recognition of foreign accented speech in noise (Chapter 5). In order to 
improve recognition of foreign-accented speech in noise, older adults not only learn about the 
characteristics of foreign-accented speech and make appropriate adjustments to token-type 
mapping, they also must retrieve the speech signal that is embedded in noise, and fill in the 
gaps of any missing speech information (Bieber & Gordon-Salant, 2020). This is 
understandably a very cognitively demanding task for older adults. So, it can be suggested 
that older adults’ ability to learn, even when the task difficulty increases, is largely unaffected 
by sensory, perceptual, and cognitive ageing. 
 The results that older adults derived more benefit from additional training (Chapter 4) 
suggests that the level of performance after the first training showed their maximal level of 
learning from a given training session; and that with more experience or long-term training 
they are able to gain more advantage. This finding has important implications for older adults 
given that their baseline speech recognition performance was substantially lower than 
younger adults (Chapter 2).  
Further, an interesting aspect of the results was that older adults’ speech recognition 
performance (65%) in the pre-test before the additional training (Chapter 4) was similar to 
younger adults’ one (66%) in the pre-test before the first training (see Chapter 3). Therefore, 
an expectation here was that older adults’ performance in the post-test would be similar to 
younger adults’ ones (i.e., around 74% on average, Chapter 3) or less than the younger adults 




older adults’ performance was 84% on average. These results suggest that older adults can be 
as good as, if not better than, younger adults in recognizing foreign-accented speech through 
perceptual learning. Note here that a second time training in older adults means that they 
were more familiar with the task, and as such gained more benefits. Moreover, anecdotally 
speaking, older adults employed in this thesis were also generally more motivated than the 
younger ones.  
The results that older adults were able to maintain perceptual learning four months 
after the short-term training suggest that age-related cognitive challenges, such as memory 
problems (Salthouse et al., 1999; Park & Reuter-Lorenz, 2009), do not preclude older adults 
from retaining learning. It should be noted that these older adults did not know that they will 
be asked to come back for a retention study. So, the finding here was not likely to be 
confounded with their extra-endeavour to retain learning, but more or less an outcome of 
their perceptual learning with orthographic feedback.  
 
6.2 Limitations and future directions 
There are several possibilities for future research based on the limitations of the current 
thesis. First, the experiments in this thesis only used auditory speech; however, speech 
recognition often takes place face-to-face; and many studies have shown that listeners can use 
the visual speech cues from faces to resolve ambiguities in the acoustic signal and so 
facilitate speech recognition (Sumby & Pollack, 1954; Summerfield, 1979). For example, 
with native speech there is evidence that seeing a talker’s face can facilitate both younger and 
older adults’ speech recognition in noise performance (Jesse & Janse, 2012) with the visual 
speech benefit sometimes reported as greater for older adults (Winneke & Phillips, 2011). 
Similarly, visual speech has also been shown to facilitate younger adults’ recognition (Banks 




Therefore, it seems plausible that older adults’ recognition and perceptual learning of foreign-
accented speech may be further facilitated if the talkers face is visible. This possibility is yet 
to be tested.  
Second, the speech stimuli (i.e., IEEE sentences) as well as the speech recognition 
task employed in this thesis does not incorporate features of real-life communication. The 
stimuli in this thesis was typical of “lab speech”, that is, produced in a controlled manner by 
having the talkers read the sentences one by one rather than speak in a conversational 
manner. Furthermore, it was produced in quiet with the noise added later where required. 
Although, the production of speech stimuli in this way helps control for potential 
confounding variables such as speech clarity, it does not capture important aspects of spoken 
language that occur in a real-life setting (e.g., reduction phenomena; hesitations, pauses, etc). 
Further, the listeners in this thesis were presented with these sentences and asked to type what 
they heard. Although such speech recognition tasks provide a good measure of speech 
intelligibility, they do not incorporate features of real-life listening where an individual has to 
be able to make sense of what was said (i.e., speech comprehension) rather than simply 
reporting what they heard. Therefore, future research could present listeners with a speech 
comprehension task rather than a speech recognition task, and employ stimuli that has been 
produced in a conversational manner.  
Third, the noise that was employed for the experiments in this thesis (Chapters 2 and 
5), consisted of speech shaped noise (SSN). SSN was created by computing the long-term 
average spectrum of all recorded utterances of the individual talker and then mixed with the 
same talker’s speech signal at a predetermined signal-to-noise ratio. Although this type of 
stationary noise helps to control the characteristics of the signal masking, it is not typical of 
the noisy environments (e.g., a busy cafeteria) that older adults report having difficulty 




often masked by speech produced by competing talkers. Such speech on speech masking is 
considered to be more cognitively demanding than stationary SSN and it has been shown to 
cause more difficulty for listeners (Simpson & Cooke, 2005; Cooke et al., 2008). Moreover, 
several studies have demonstrated that older adults’ difficulty in perceiving speech during the 
presence of competing talkers increases significantly relative to younger adults (Tun et al., 
2002; Helfer & Freyman, 2008; Humes & Coughlin, 2009). This age-related decline in 
performance might arise from older adults’ inability to filter and segregate target speech from 
irrelevant speech and/or pay attention to the target speaker and ignore the irrelevant ones. 
Therefore, given that the presence of competing speech is more cognitively demanding than 
SSN, further research is needed to examine the effects of age and perceptual learning for the 
recognition of foreign-accented speech in the presence of competing speech. 
Fourth, while the first study (Chapter 2) in this thesis which examined recognition of 
foreign-accented speech employed talkers that had different foreign accent types (i.e., 
different native language backgrounds), the subsequent perceptual training studies in this 
thesis (Chapters 3, 4, and 5) only employed Japanese-accented English speech. This is 
because the results of the first study showed that both older and younger adults had the most 
difficulty recognizing English speech from the native Japanese talker and had also rated this 
talker as having the highest strength of foreign accent. However, given that the type of the 
foreign accent can vary depending on the talker’s native language background (Flege, 1988), 
it is important that future studies examine perceptual learning of foreign-accented speech by 
older adults with different foreign accent types to increase the generalisability of the current 
findings.  
Fifth, an issue that is particularly relevant to the third and fourth study (Chapters 4 
and 5) is that a relatively small number of participants were tested. Although the justification 




future studies determine and test an appropriate sample size. As suggested by Lakens (2021) 
the bigger the sample size, the more valuable and informative the results of the study will be 
in terms of making inferences.   
Lastly, the older adults in this thesis were recruited from senior’s clubs. These older 
adults are generally physically active, involved with intellectual and social activities, and live 
independently. It is likely that the effects of the short-term training on foreign-accented 
speech recognition might be different for older adults who live in aged-care homes and 
require daily assistance due to severe ageing of sensory, perceptual, and cognitive abilities. 
For example, older adults in aged-care homes might face more difficulty learning about 
foreign-accented speech and therefore, not be able to derive the same level of benefits than 
the possibly more cognitively robust older adults tested in this thesis. Therefore, future 
studies should also investigate the effects of short-term training of foreign-accented speech 
recognition for older adults who live in aged care homes and require daily assistance. 
 
6.3 Conclusion 
The overall aim of this thesis was to examine the effects of short-term perceptual training 
with written/orthographic feedback on foreign-accented speech recognition in older and 
younger adults. The results from these studies suggest that while older adults have difficulty 
recognizing foreign-accented speech relative to native speech, they can learn the 
characteristics of foreign-accented speech from short-term perceptual training with written 
feedback to improve recognition. Moreover, older adults gain a larger improvement than 
younger adults. The results from this thesis also provide evidence that the beneficial effect of 
this training generalises to novel talkers with the same foreign accent; that this benefit can be 
maintained long-term; and can also improve older adults’ recognition of foreign-accented 




demonstrates that a perceptual learning paradigm that includes exposure along with 
orthographic feedback enables effective and robust perceptual learning in older adults. These 
results have important implications for promoting healthy ageing by providing the basis for 
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